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To MAJOR D. R. CAMERON, K. A. 

H, M. North American Baundary Commissioner : — 

SiB, — I have the honoui* to prenent herewith, my final Report of 
work in connection with H. M. North American Boundary Commission. 
In undertaking single-handed the cai*e of Natural History work in con- 
nection with the Bouudary Gommiösion, it wa« obvious that in atterapting 
too much it might happen that nothing should be well done. I therefore 
decided to give the first place to geology ; and in that field to endeavour 
to work out as far as possible the »tnicture of the country, and to make 
illnj9ti*ative collections of rocks and fosBÜs, ratiier than to amskis lai*ge 
local collections, at the exponse of general Information. Such time as 
could be 8])ared fi-om the goological inventigations, has been devoted to 
colleetion and work in other departments ; and in this Report the results 
ai*e pi'cnented, elaborated in »o far as the time at my disposal would allow, 
and Bupplemented also by neveral valuable notices of the collectionn in 
special departments, by gentlemen whose names are elsewhere stated. 

The field work, in extent, has directly covered a i*egion, stretching 
Crom the Lake of the Woods on the east, to the Rocky Mountains on the 
west, and lying in the vicinity of the forty-ninth parallel, which here 
forms the Inteiiiational Boundaiy. In time it has extendod over two 
seasons, those of 1873-74. Owing to the vastness of the region covered 
by the Operations of the sui-vey, much of the period actually spent in the 
field has been necessainly employed in more or less arduous, and often 
almost continuous travel. 

To youraelf I am under groat obligations for the fhcnlities roadily 
gi-anted for work in the department entruntod to me^ and for the intoresi 
you have taken in its progress. To all the officers of the Commissioii I 



iv PBBTATOEY NOTE. 

must tender my most cordial acknowledgments for their general 
co-oporatioU) and it should be mentioned specialis that to the indefatigable 
asBlstance of Dra. Burgesa and Miilman — fii-st and second Medical officers 
to the Commission respectivoly — ai*e due many of tho most intereeting 
plants enumerated in Appendix F. 

In aiTanging the information accamulated for publication, I have 
discardod the form of diary or joui*nal often adopted, and by so doing 
have been able not only to gi'oup the facta ander cei*tain general headings 
bat by avoiding repetition and ujseles» detail», very materially to oondense 
the matter. At the same time, in the aiTangement adopted, it has 
become necessary sometimea to paas more than once over the aame region, 
in ti'eating of diiforent formatione, or classes of facta.. 

The main geological reault aiTived at ia the examination and deacrip- 
tion of a aection over 800 milea in length, acroaa the centi'al region of 
the continent, on a parallel of latitude which haa heretofore been geologi- 
cally touched upon at a few pointa only, and in the vicinity of which a 
apace of over 300 milea in longititude haa — ^till the operationa of the 
preaent expedition — remained even geographically unknown. 

In working up tho geological material, I have foond it neceaaaiy to 
make myaelf familiär with the geological literature, not only of the 
interior region of Britiah America, but with that of the weatern portion 
of the United Statea to the aouth, whei'e extenai vo and accui*ate geological 
am*veya have been carried on. It haa been my aim to make the region 
near the boundary line aa mach aa poaaible a link of connection between 
the more or Icaa iaolated previoua aui*veya, and to collect by qaotation or 
.roference, the fkcta bearing on it fi*om either aide. In thia way it haa 
been attempted to make the forty-ninth parallel a geological baae-line 
with which fatore inveatigationa may be connected. The matter contained 
in the special preliminaiy report on the Lignite Tertiaiy formation, 
publiöhed laat year, haa in thia final report been included, in eo far as 
neceaaary to complete the general aection on the line. 
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The topography of the general map is in the main from that lately 
published by the Depailment of the Interior, which is based on that of 
Captain Palliscr, -but inclades also the work of the Commission Sui-vey. 
In laying down the bonndarios of formations north of the localities which 
I havo myself visited, use has been made of the geological maps of Dr. 
Hector and Prof. Hind, and also of facts fi*om Prof. Beirs Beport, printed in 
the Geological Survey Memoi ra for 1873-74. In the map of the Lake of the 
Wood», Prof. Beirs Beports have again been consulted ; hut for the regions 
I was unable to examine, Dr. Bigsby's map — elt}ewhei*e referred to— has 
been the chief authority. For the topography of the i-egion near Lac 
Plat, lam indebted to Mr. A. L. Russell. The remaining uncoloured 
Sketches and diagrams, with the exception of Plate xvi, are copied fi*om 
pen-and-ink sketches of my own, by the photo-engraving pi*oces8 of Mr. 
D. C. Dallas, Grey's Inn Boad, London. 

I am indebted to Principal Dawson for notes on fossil plants col- 
lected ; to Prof. Copo for a report on the vertebrate fossils, and to Mr. 
S. H. Scudder for a description of a part of the collection of insects : Also 
to Dr. P. P. Carpenter for the determination of the Unionidte ; to Prof. 
Maconn for bis examination of the grasses, carices, &c ; to Mr. G. Barns- 
ton for a list of the mosses. Dr. Hooker has also kindly undcrtaken the 
determination of a number of critieal and difficult flowering plants. 

Dr. Elliot Coues, who accompanied the United States contingent of 
the Bonndary Survey, as naturalist, is, I believe, preparing elaborate 
reports on the zoology of the region. 

Sapper Thomas Diickworth, detailed as taxidermist and collector, 
and working under my direction for two years, proved very useful and 
zealoas in his department. 

Your obedient servant, 

GEOBGE M. DAWSON 

McGill College, Montreal, July 19, 1875, 
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PHYSICAL GEOGRAPHY AND GENERAL GEOLOGY. 
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General Physical Geography, 

1. The ^reat region of piain and prairie whieh occupies the whole of 
the central part of the TTnited States and British America, where it crosses 
the forty-ninth parallel, is inclnded in longitade between the 96th and 
114th meridians. It narrows rapidly north ward, chiefly by the encroeh- 
ment on it of its eastem border, and is limited to the north by the skirt 
of tho coniferoos forest, which nearly follows the line of the North 
Saskatchewan Biver. This great inland piain has an area in British 
America, between the forty-ninth and fifty-fourth parallels, of about 
295,000 Square miles. 

2. Its eastem boundary is tho slope of the old crystalline nucleus of 

the continent, which extends north of the Biver St. Lawrence and the 

Great Lakes, from Labrador to the Lake of the Woods, and, then tuming 

saddenly at an angle of about sixty degrees to its former general direction, 

runs with a north-north-west course to the Arctic Ocean, where it is 

described as appearing along the coast-line for some four hundred miles. 

The crystalline and highly metamorphic rocks forming this axis, are 

moBtly referable to the Laurentian formation ; but, no doubt, include 

1d 
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thronghout their whole extent patchcs of the newer Hnronian series, as 
they have been found to do whore carefully examined noi*tli of the St. 
Lawi*enco, and alöo in tho Lake of the Woods district as £\illy shown in 
another part of this report. Tho Huronian rocks aro includod with tho 
Laurentian in thcir flcxui-es, and to a great oxtont al»o pai*tako in their 
metamorphiHra, and evon appoar in »ome placos to have rested at iirst 
almost conformably upon them. This eastern baiTier resembles mote 
a rocky plateau, than a mountain region; there is no well-defined 
height of land, and the watershed follows a very sinuous direction 
among the innumerablo lakes, small and great, whieh cover a large 
part of its surface. Northward from the Lake of the Woods, it 
divides the waters flowing into fludson^s Bay, from those draining 
directly into the Arctic Ocean, with one important exception. The 
Nelson Eiver, carrying the accumulated waten^ of the Saskatchewan 
River, the Eed Eiver of the North, and innumerable smaller streams, 
breaks throagh the Laorentian barrier at tlie north end of Lake Winnipeg, 
and empties into Hudson's Bay at York Factory. Throagh the same 
gap the Churchill or English Biver, a not inconsiderable stream, also 
passes. The geological circumstances which have allowed the drainage 
of the plains to find this easy exit, and the age and character of the vallies 
of the Nelson and Churchill Eivers, are interesting questions still awaiting 
Solution. 

3. The Bocky Mountains on the west, rise abruptly fVom the elevated 
piain at their base, presenting ofben to the eastalmost perpendicularwalls 
of rock. They are composed, not of a Single upheaved ridge, but of a 
number of more or less nearly parallel ranges, which have ageneral direo- 
tion a little west of north, and a breadth of over sixty miles, extending 
from the margin of the great plains to the vallies of the Columbia and 
Kootanie Bivers. In the vicinity of the forty-ninth parallel, the geological 
continuity of the country is as sharply broken by the line of their eastem 
base, as its physical character; and we pass suddenly from the little 
altered or disturbed strata of Cretaceous and Tertiary age, to scarped 
mountain sides of palsDozoic rocks, metamorphosed and crumpled in a 
violent manner. Southward, the mountains have not the same abrupt 
character on their eastem slope ; and to the north, after having culminated 
between the fifty-first and fifty-second parallels, the ranges not only become 
more diffuse, but decrease rapidly in height, tili on the border of the 
Arctic Ocean they are represented by comparatively low hills. In 
intimate connection with this change in the character of tho mountaind 



GINERAL PH7SICAL OEOOBAPHT. 3 

is the remarkable fact, first clearly pointed out by Dr. Hector, that the 
rivera flowing into Hudson's Bay and the Arctic Ocean Imve their sources 
further back among the mountains as we proceed northward. Near the 
Boandary4ine, the tributarieB of the Missouri and South SaHkatchowan, 
rise in the abrupt eastem vallies of the first ränge. The Kananaskis 
River, one hundred miles to the north, rises in the first longitudinal 
Valley, or at the foot of the second ränge ; Bow River from the third 
ränge; the North Saakatchewan from the fourth ränge; the Athabasca 
ftr)m the fiflh, and the Peace River still further to the west. 

4. The interior region of the continent, slopes gi^adually eastward 
from the elevated plains lying at the base of the Rocky Mountains, to the 
foot of the Lanrentian highlands; and though tlie inclination is more 
abrupt on approaching the mountaiKS, it is not so much so as to attract 
special attention. Between the fifby-fourth and forty-ninth degrees of 
latitude, however, along two lines which are in a geneml way parallel, 
and hold a north-west and south-east course across the plains, yery 
remarkable »tep-like rises occur. These e8cari)mont8 form the eastern 
boundaries of the two higher prairie plateaus, and the most eastern of 
them overlooks the lowest prairie level, or that of the Red River Valley, 
from the west. The three prairie steppes thus defined diifer much in age 
and character ; they have been impressed on the soft formations of the 
plains by the action of sub^rial denndation, of the sea, and of former 
great lakes, and though the precise mode of their formation is more fully 
discnssed elsewhere, they deserve notice here, as being among the gi-eat 
primary features of the country. 

5. The actual increase of elevation account^ for in the two escai^p- 
ments, however, is but slight compared with that due to the uniform 
eastward slope of the plains. The direction of their greatest inclination 
is towards the north-east, and a line drawn fi*om the intersection of the 
forty-ninth parallel and the mountains, to a point on the first prairie 
level north of Lake Winnipeg, will be found to cross the escÄrpment» 
nearly at right angles, and to have an average slope of 5*38 feet to the 
mile. From the same initial point, in a due east line to the lowest part 
of the Valley of the Red River — a distance of t50 miles — the plains have 
an average slope of 4*48 feet per mile. 

6. The first or lowest prairie level, is that of which the southern part 
lies along the Red River, and which northward embraces Lake Winnipeg 
and associated lakes, and the flat land surrounding them. A great part 
of its eastern bord^r is conterminous with that of Lake Winnipeg, and 
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formed by the rocky front of the Laurentian ; bat east of the Bed Biver 
it is bounded by the high-lying drift terraces Burronnding the Lake of 
the Woods, and forroing a part of the drift plateau of northem Minnesota. 
To the westy it is limited by the more or less abrupt edge of the geoond 
prairie level, forming an escarpment, which, thongh very regulär in eome 
places, has been broken through by the broad Valleys of the Afisineboine 
and other rivers. The escarpment, where it Grosses the Line, is known 
as Pembina Mountain, and is continued northward by the ftiding, Buek, 
Porcupine, and Basquia Hills. The average height above the sea, of this 
lowest level of the interior continental region is about 800 feet \ the lowest 
pai-t being that surrounding the Winnipeg group of lakes, which have 
an elevation of about '700 feet. From this it slopes up southward, and 
attains ite greatest elevation — 960 feet — at its termination far south in 
Minnesota. The edges of this prairie level are also, notwithstanding its 
apparent horizontality, considerably more elevated than its central line 
which is followed by the Red River, Its width on the forty-ninth parallel 
is only fifty-two miles ; it» area, north of that line, may be estimated at 
55,600 Square miles, of which the great System of lakes in its northem 
part — including Lakes Winnipeg, Manitoba, Winnipegosis, Cedar and St. 
Martin's— occupies 13,900 miles. A great part of this prairie level is 
wooded more or less densely, and much of the low-lying land near the 
great lakes appears to be swampy and liable to flood. The southem 
part, extending from the boundary line nearly to the south end of Lake 
Winnipeg, includes the prairie of the Red River Valley, with an area of 
about 6,900 squai'e miles ; one of the most fertile regions, and, at the 
same time, the most accessible portion of the North-west. 

7. The superficial deposite of this stage are chiefly those of a great 
lake which occupied its area afber the glacial submergence. This part of 
the interior of the continent being the last to emerge from the Arctic 
waters, and having been covered for a long time afberward by a sea of 
fresh water, held back either by drift deposits, or by rocky barriers, which 
have subsequently been cut through, and which must have united all the 
lakes now found in the region into one sheet of water, which eztended 
with narrower dimensions about two hundred miles south of the Boundary 

line. 

The Red and Assineboine Rivers and their tributaries have not yet 
cut very deeply into ita alluvial deposits, and its surface is level and little 
furrowed by denudation. 

8. The second steppe of the plains, is bounded to the east aa airtady 
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indicated, and to the west hy the MiBsoori Cotean, or edge of the third 
prairie level. It has a width on the forty-ninth parallel of two hundred and 
ßfty miles, and on the fifty-foarth of probably about two hundred, though 
it cannot there be so Btrictlj defined. Its total area is about 105,000 
Square miles, and includes the whole eastem portion of the great plains 
properly so-called, with an approximate area of 71,300 square miles. 
Theee occupy its Bonthem and westem portions, and are continuous west- 
ward with thoee of the third prairie steppe. To the south, the boundaries 
of this region appear to become more indefinite, and in the southem part of 
Dakota, the three primary levels of the country so well marked north of 
the Line, are probably scarcely separable. The rivers have acted on this 
region for a much longer time than on the last, and are now found flowing 
with uniform currents in wide ditch-like vallies excavated in the soft 
material of the plains, and often depressed from one-htfndred to three- 
hundred feet below the general surface. In these, the comparatively 
insignificant streams wander from side to side, in tortnous Channels, 
which they only leave in times of flood. The surface of this prairie 
steppe is also more diversified than the last, bemg broken into gentle 
swells and undulations, partly, no doubt, by the action of denudation, and 
partly also as will appear, from the original unequal deposition by currents 
and ice, of the drift material which here constitutes the supei'ficial form- 
ation. The average altitude of this region may be taken at 1,600 feet, 
and the character of its soll and its adaptability for agi-iculture, differ 
much in its dilferent portions. 

9. The third or highest prairie steppe, may be said to have a 
general normal altitude of about 3,000 feet, though its eastem edge is 
sometimes little over 2,000 feet, and ii attains an elevation of 4,200 feet 
at the foot of the Bocky Mountains. Its area, including the high land 
lying along the base of the mountains, is about 134,400 square miles, and 
of this by far^the greater part, or about 114,000 square miles, appeai-s to 
be almost entirely devoidof forest; the wooded region being confined toa 
small area of its northem extension near the North Saskatchewan Eiver 
and its tributaries. Its breadth on the forty-ninth parallel is fonr hundred 
and sixty-five miles, and its eastern boundary is well marked, being the 
broken hilly country known as the Coteau de Missouri or Great Coteau, 
which croeses the Boundary near the 104th meridian, and thence runs 
north-westward nearly to the Elbow of the South Saskatchewan. It is 
then — ^according to Palliser— continued to the north by a ränge of high 
lands, of which the Eagle Hills west of Fort Carleton constitute a part. 



6 B. K. A. BOUNDART COMMISSION. 

Here, however, it becomes broken and nndefined. The Tbickwood 
Hills near thc Elbow of tbe North Saskatchewan, and the Bed Deer Hills, 
probablj-foiTn outlying portions of this plateau, and the high gronnd 
west of the Saskatchewan, near Fort Pitt, maj be its eastem limit in 
that region. 

10. This portion of the great plains was the firet to emerge from the 
watei-8 of the Tertiary, and from ihose of the glacial snbmergence, and its 
sorface may have been sabject to denudation throngh a great part of the 
two later periods of the Tertiary, as well as in post-glacial times. 
Those portions of it which still remain but little modified, form table- 
lands, the surfaces of which, from the horizontality of the nnderlying 
Lignite Tertiary strata, may be in many places nearly the same as those 
of the last deposited beds. It bears some evidence, however, of having 
becn subsequently levelled by marine action. The immense denudation 
which has taken place by rain and rivers, is evidenced by the size and 
depth of the vallies of rivers and streams, both of pre-glacial and post- 
glacial age, the great ravines and gullies which have beencut, and are still 
extending themselves among the soft sandstones and clays of these 
newer formations, and the isolated plateaus and bnttes, which now stand 
far out on plains of lower level. seamed with newer Systems of couUes 
and gorges. Deposits belonging to the glacial period, and transported 
boulders and gravel, arc found on this highest steppe, bnt are not spread 
with the same uniformity as on the lower levels, and a great part of the 
sm-face is based almost immediately on Cretaeeons or Lignite Tertiary 
be<l8, and varies in the charactcr of its Vegetation and appcarance 
accordingly. The natiire of the soll and prospective agricultural valne of 
this great region are too vai-ied to allow of generalization ; embracing as it 
does, land along thc foot of the monntains of unsurpassed fertility, and 
al.so thc northorn exten^ion of the Great American Desert, with ita 
surface of sun-baked clay or sand, scarcely supporting a thin growth of 
Cactus and Stipa. 

11. Tlioiigh thus BO i'emarkably simple and definite in its grand 
fcaturcs, the intcrior region of thc continent shows many irrcgularities 
and exccptions in detail. The second steppe has some elcvations on its 
suiface as high as the edge of thc third platean, and that part surronnding 
the Assincboinc Ei vor and it>s tributaries, appears to have become 
abnormally dcprcssed, making some portions of the eastem edge of this 
prairic levcl, which overlook Manitoba Lake, moro to resemble outlyers 
thau integral parte of it. The thiitl steppe, though so in^cgiilar in many 
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of its detaÜB, s^iows evidence in the closely corre8i)onding heights of tho 
portions now remaining of its original sorface, of previous tiniformity. 
The apparent indefiniteness of the three prairie levels and othor features 
of the conntry to the north, no doubt, arises in great part, from tho 
deficiency of our knowledge ofthat portion of the region, and it ia highly 
probable that subseqnent invostigation will show the second and third 
steppes to be well marked in the elevated district between the 
Saskatchewan and Mackenzie Rivers. 

12. The centrfd portion of British North Amenca, may therefore bo 
regarded as a great shallow trongh, of which the westei*n edge is formed 
by the Bocky Mountain watershed, the eastern by that of the Laurentian 
axis, but of which the westem portion of the floor is now more elevated 
than its eastern rim. The age of the former of these bounding watersheds, 
with that of the greater part of the mountains themselve^, probably does 
not go much forther back than early Tertiary times. The latter is a 
part of the oldest watershed and axis of the continent. There are, how- 
ever, two other and transverse watersheds in the area inquestion, whieh, 
thoagh apparently not marked by any great geologieal breaks, are of 
groat importanee geographically. Of these the southem, with a genoral 
coarse of east and west, follows a sinuous line, and several times crossos 
the Boundary on the forty-ninth parallel. It separates the waters of the 
Red River and Saskatchewan, which find their way through Winnipeg 
Lake to Hudson's Ray, from those of the Mississippi and Missouri and 
their varioua tributaries. Commencing with an elev'ation of about 1,600 
feet, in that region of swamp and lake in noilhem Minnesota which 
feeds the variöusly destined head-waters of the Winnipeg, St. Lawrence, 
Mississippi and Red Rivers ; it dips southward between the tiübutaries of 
the latter two 8ti*eams, and passes between Lake Travei*se and Big Stono 
Lake, about two hundred miles south of the Line, with an elevation of 
oniy 960 feet. Thence, pursuing a general north-westward course along 
the high-lands formed by the southem extensions of Pembina escarpment 
and tho Missouri Coteau, it finally becomes identified with the latter, and 
crosses the Boundary-line near its intersection with the 104th meridian, 
three hundred miles west of Red River, and continues with the same 
course toward the Elbow of the South Saskatchewan. The tributaries of 
the Souris River here lie along the noi*th-eastem base of the Coteau, while 
those of the Missom*! cut deeply into the soft Lignite formation of its 
south-wostem side. Between these river Systems it lies as a belt of 
country without determinate direction of drainage or Systems of river 
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vallies, but consisting of broken tumultuous hüls of drift material. It 
has a width of over twenty miles on the forty-ninth parallel, and a height 
of about 2,200 feet, and is very definite; but widens whea followed to the 
north-west, and becomes more diffuse, and where crossed by the old 
Trader's Eoadto Woody Mountain, the tributaries of the Souris Biver 
are found rising within it, aud the üne of watershed leaving it and falllng 
back somewhat f\irther to the south, so that at Woody Mountain settle- 
mont in longitude 106® 30', Üieprimaji/ watershed lies only from fifteen 
to twenty miles north of the forty-ninth parallel. It is necessary to 
specify the primary watershed, as it would appear that most of the small 
streams now running north wai*d in this region, are intercepted by the 
mouuds and ndges of drift material, and caught in saline lakes and 
ponds. Many of them may, however, still find their way to the Saskat- 
chewan in seasons of flood. 

13. The watershed near Woody Mountain is a narrow flat-topped 
plateau composed of Lignite Tei*tiai*y strata, irregulär in outline, but 
with a general east and west course, and furrowed on either side by the 
vallies of streams which ramify in it, and which, were denudation advan- 
ced a little further, might inosculate. The height of the water-shed is 
here about 3,200 feet. Fifty miles west of Woody Mountain, and twenty- 
five north of the line, where the watershed was again crossed, it preserves 
most of the characters just indicated, but has been still more extensively 
reduced by denudation, and has a height of only about 3,000 feet. West 
of this point it trends northward, and is again found in the Cypr^ Hills, 
forty miles north of the Line in longitude 110* 30', where it still appears 
to follow a ridge of Lignite Tortiary doposits, now but a scanty remnant 
of that once extensive formation, as the sti*eam8 on either side soon 
debouch on plaius of Cretaceous sti*ata, from which the Tertiaiy has been 
removed by their action. West of the Cypr^ Hills the watershed again 
trends southward and crosses the line about thii*ty miles from the base of 
the Eocky Mountains for the last time. It here separates the waters of 
the St. Maiy, a tributary of the Belly Eivor, from those of one of the 
upi^er branches of the Milk Biver, and is scarcely indicated by any 
physical foatui'e, though so important hydrographically. The Valley of 
the tributary of the Milk Kiver and that of tlic St. Mary Biver, are doep, 
and the streams are found crossing the Line iiearly parallel in a north- 
eastward dircction, the Milk Biver subsequently bending eastward and 
southwaiil, and recrossing the Line twenty miles east of the Sweet-gi*as6 
Hills. The lower part of the watershed region between them is 
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nndulating with some small lakes and swampB, while the hills are 
flat-topped and dry, and in some places coalesce to form a high-level 
plateaa. 

14. ThU southern transverse watershed iB thronghout charactei*ized 
hy difFasenees, and is indeterminate in direction. It has, in all proba- 
bility, been outlined at first hj some very gentle flexure of the strata on 
a largo scale, produced doring the elevation of the Cretaeeous and 
Tertiary beds to their present position; but haa been Bubsequently 
ahaped by the denadation of these soft formations on all sides. Sach an 
elevation woold very likely be accompanied by corresponding parallel 
depreseions, like it, slight in amonnt but extensive in area, which would 
indieate the Valleys of the Saskatchewan and Missouri. The eastem 
extension of the northem of these synclinals might also account for the 
passage of the Nelson and Churchill Bivers through the otherwise 
continuous barrier of metamorphic rocks there. 

15. The Tertiary piain of the third prairie steppe must first have been 
scored by rivers flowing from west to east, and then by their numerous 
branches flowing to the north and south to the precursors of the 
Saskatchewan and Missouri. By these the strata have been gradually 
cut down and back, tili an extensive table-land separated the Valleys of 
the two sti*eams. Waste still continuing, has reduced this in many 
places to a mere dividing ridge, or has almost altogether removed it. 
The quantity of material carried away has been vast, and by far the 
greater part of this denudation appears to have been accomplished 
before the glacial period. 

16. Of the second great transverse watershed but little is known. 
It separates the waters of the Saskatchewan System of rivers from those 
which pass directly into the Arctic Ocean by the Mackenzie Biver. 
Where crossed by the canoe route at Methy Portage, near its eastem 
jonction with the Laurontian, Sir J. Bichardson gives it an elevation of 
1,560 feet. According to Br. Hector's observations, its westem end 
would appear to have an altitudo of about 2,400 feet. The intermediato 
portion is probably less elevated than either of the extremities. 

17. Of the area as at first defined, extending from the Bocky Moun- 
tains to the baso of the Laui*entian country, and lying between the 
fifty-fom*th and forty-ninth parallels, the great Saskatchewan Biver and 
its tributaries drains by far the largest part, an area of about 139,000 
Square miles. The Bed Biver and its great tributary the Assineboine, 
drain 70,500 Square miles j the vallies of numerous small streams flow- 
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ing into the Winnipeg group of lakes, inclnding the ai-ea of the lakes 
themselves, cover 52,800 Square miles. The head waters of the Missouri, 
and especially of its tributary the Milk Eiver, drain a considerable area 
to the south, embracing about 22,800 Square miles ; while the Athabasea 
and North Pembina Eivera, flowing into the Mackenzie, drain an area of 
only about 10,000 Square milea in the north-western comer of the region. 
18. The total area of prairie country within the same limits, including 
that of all threo prairie levels, may be estimated at 192,900 Square miles. 
Though much of /this vast region is not absolutely treeless like its south- 
western part, its aggregate tree-clad area is quite insignificant as com- 
pared with that of ife open plains. North of the fifty-fourth parallel, 
the area of the prairie region is inconsiderable, and has not yet been so 
well defined as to render any estimate possible. 



General Outline of the Geohgy. 

19. After the Huronian period, the geography of which cannot yet 
be defined, the succeeding formations of the westem prairie region scom 
to have accumulated on a great submai-ine plateau, stretching wostwaifl 
from the base of the Laurentian and Huronian ränge, and probably con- 
tinuous with an ocean occupying the present position of the Pacific. The 
region now occupied by the westem mountain rangcs, was at different 
times outlined by areas of shoals and sand-banks, but tnie marine lime- 
stones were formod over it at several epochs. At least as early as the close 
of the Cretaceous period, the elevation of mountain ranges appears to 
have begun ; and from this time, the formations acciimulating between 
them and the Laurentian and palaeozoic barriers to the east, were thoso 
of a great interior Continental basin. These waters, at first in free 
communieation with the sea to the south and north, were soon, by the 
gradually increasing elevation of the continent, cut off from it more or 
loss complotely ; and, after a period of transition, became a great fresh- 
watcr lako or series of lakes. At the close of the Lignite Tortiary 
formation — ^gcnerally attributed to the Eocene period — the elevation of 
the Eocky Mountain ranges was resumod with renewed vigour, and in 
lakes of constantly decreasing size, the sands and clays of the later 
Tertiaries were deposited. These include, in great abundance, the 
remains of the numerous land animals which inhabited the thcn extensive 
area of the continent; but are not yet known to occur north of the forty- 
ninth parallel, The Cretaceous and Tertiaiy i^ocks lying along the base 
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of the moiintains foUowed them in their elevation, and thns, at a very 
late stage in the history of the continent, the great region of the plainB 
acquired its eastward slope. In the vicinity of the forty-ninth parallel, 
these rocks have been raised almost horizontally to a height of ovor 
4,000 feet above the sea ; to the south their elevation is even greater, 
while northward the platean which they form falls gradually. 
It is interesting to observe that while the Cretaceous and Tertiary beds 
of the interior, have thite been raised en masse by the slow exercise of 
imtoLense force, their broken remnants on the west coast have scai-ceiy 
been elevated above the level of the Pacific. 

20. The details of the Lanrentian and Hnronian rocks receiving 
more extended notice in subsequent pages, these need not be mentioned 
in this preliminary sketch. On their westem flanks, and resting directly 
on their contorted and denuded edges, limestones of Lower Siluiüan ago 
appear. They have been deposited tranquilly aroiind the Lanrentian 
shores, and in general still rest almost horizontally upon them, though 
they have been described as occurring much disturbed at one locality on 
the southem shore of Lake Winnipeg. Upper Silurian rocks are not 
certainly known to exist in place, though limestones of this age probably 
remain concealed by drift and alluvial deposits, and may even at one 
time have overlapped a great part of the Lanrentian plateau, and have 
been continuous with those which appear to underlie the whole flat margin 
of Hudson's Bay on the north-westem sideof the same Lanrentian region. 
The best known exposure of the Lower Silurian limestones is ncar the 
Stone Poi-t, on the Eed Eiver, twenty miles south of Lake Winnipeg. 
It was examined as long ago as 1848 by Dr. Owen, then engaged in a 
Geological Survey of the Northern Territories of the United States. Ho 
concisely describes the limestone as " of a light buflP colour, sometimos 
mottled-, spottod, or banded, with light brown," and in bis report gives 
the most extensive list of the fossils yet made, and figures some of thom. 
The list includos sovonteen forms, but — unloss some mistakos in tho refcr- 
cnce ofthose has occurred — shows a rathcr mixed fatina, but one which, 
accoi'ding to Dr. Owen, agrees with that of tho lower beds of the Upper 
Hagnosian limestone of Wisconsin, änd may therefore be takcn as repro- 
senting tho Trenton. 

Dr. Hector also gives a short list of fossils colloctod at the same place, 
in his report. 

Tho limestone is highly magnesian, and afifoitled Dr. Sbumard, who 
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has made analyees of two eamples, 40*5 and 1*I'S per cent. respectivelj of 
magnesic carbonate.^ 

Prof. Hind has also recognised limestones of the Trenton, Birds- 
eye and Chazy divisions of the Lower Silurian, and the Operations of the 
Canadian Greological Survey lately extended to this region, will no doubt, 
soon show the true relations of these beds, with their nearest repre- 
sentatives in Minnesota and the neighbouring states, where the aiTange- 
ment is as follows in descending order : f 

Hudson R. Maqnoketa Sludes. 

m . ) Galena Limestone, — (bnff and blueish mAgnesian limestone,) ISOfeet 

irenwn. | Trenton Limestone.— (flag^Iimestone, ^th shale,) 160 " 

Ghazy. St. Peter Sandatonc^ — (wmte and fiiable pure auartz sand,) 125 

Galcif eroQB. Lower Magnesian Lunestone, — (light baff, aome beds aand, ) abont 200 
St. Groix Sandstone, — (massive white or baff coloared, shale at 

base J over 500 

Potsdam. Potsdam Sandatone, — (hard sandstones, often red,) at least 400 



«( 
«< 
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22. Fragmente, known by their mineralogical character and the 
fossils which they oontain, to have belonged to these Silurian limestones 
of the fii*st prairie level, have been strewn broadcast over the plains 
almost to the Socky Mountains, by glacial agency during the period 
of the drift. 

23. They also, without doubt, nnderlie the greater part of the interior 
Continental area, though completely oovered by rocks of later date ; and 
they are known to occor again in some pai*ts of the Bocky Mountains* 
but considerably modified in appearance and thickness. Their eastem 
line of outcrop follows the Laurentian, to the north, occupying a broad 
belt oi country to the head waters of the Mackenzie, where they appear 
to be overlapped by Devonian sti'ata. Other smaller areas of Silurian, 
however, appear further north along the same line of strike, and lime- 
stones probably referable to this age, again expand widely on the shore 
of the Arctie Ocean. 

24. Limestones very similar in appearance to those of Silurian age, 
but known to be Devonian by their included fossils, occnr on Manitoba 
and St. Martinas Lakes, and elsewhere along the westem border of the 
the northern part of the first prairie level. Prof. Hind has defined by 
observations in several localities a belt of these rocks at least fifty miles 
in width. He describes them as in intimate con^ection with the brine 
Springs of that district, the waters of which yield an excellent quality of 
salt on concentration. From the continuation of such saline Springs to 



* Dr. D. D. Oir«n'i Report. f See Prof. N. H. WineheII*f Reporte , 4e. 
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the sonthward, he has deduced the direction of the outcrop of the forma- 
tion, where, from the thick covering of drift and alluviam, no natural 
ezpo0are6 exist. While this method of tracing the limit of the Devonian 
bedS) probably affords as near an approximation to the fact as can at pre- 
sent be made, it mnst be remembered that where so great a thickness of 
nnconaolidated drifb and alluvinm intervenes, and where formations even 
of Gretaceous age may overlap these older rocks, saline waters, even 
thoiigh emaiSating strictly £ix)m a Single series of beds, may travel far in 
the porons layers of the superficial formations before reaching the surface. 

25. The Devonian rocks already mentioned as oceurring on the head 
waters of the Mackemsie near Methy Portage appear, from Sir J. Eichard- 
son's observations, to oecupy a wide belt of country from that place to 
the Arctic Sea. Their eastem edges rest against the border of the 
Laurentian region, and the underlying Silurian appears only in iso- 
lated localities. The rocks consist of limestones and shales highly charged 
with bituminous matter. He obtained from them specimens of Producta^ 
SpirifeTy Orthü resembling 0. resmpinata, TerehrattUa reticularis, and a 
Pleurotomaria which Mr. Woodward considered Devonian.* Also a 
Pteropod " apparently TmtacuUtes fisswrella of Hall, a CJumeteSj the 
Strcphomena setigera of Hall, and Ävicula lawU of the samo author/' a 
Strcmbodes (OystiphyUum f ) and FavositeSy like F. polymorpha, Prof. 
Meek, who has had the advantage of studying a collection of fossils from 
the Valley of the Mackenzie, made by Major B. Kennicott and some of 
the Hudson's Bay Company's servants, has described and figured a 
number of species, some of them for the first time, in a paper con- 
tributed to the Chicago Academy of Sciences, f He refers the 
beds from which they were obtained, and which are the same as those 
already described by Sir J. Richardson, and are veiy extensively 
developed, to the horizon of the Hamilton rocks and Genesee Slates. 

Prof. Meek gives the following list of forms from this very interesting 
area of the Devonian : — 

CyathophyUum arcticvm, Meek; CystiphyUum Americanum var 
arctictam, Meek; Aulophyüumt Bichardsoni, Meek; Zaphrentis recta, 
Meek; Zaphrentis Maefarlanei, Meek; Smithia VerrilUj Meek; Combo- 
phyUvan multiradiatumy Meek; Pakeocychis Kirbyi, Meek; Favosites 
polymorpha, GU)ldfuss ; ÄlveoUtes vaUorum, Meek ; Lingtda minuta, Meek ; 
Strophomena danmsa, Conrad; Strophamena {8trop?iodontä) gidHiemissOy 

• Journal of a Boat Vojim througfa &aptrt'i Uad, toL I, p. ISL 
t Tnoa. Cuotgo AomI. 8d., vol. L 
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Hall ; OrtMs Macfarlanei, Meek ; Orthis Iowensis f Hall. Producta 
dissimUs f Hall. Two other imporfectly characterized species of Pro- 
ducta. Choneies pusilla, Hall ; Bhynchoneüa castanea, Meek ; Pentamerus 
borecUis, Meek; Atrypa asper a^ Schlotheim; Atrypa reticularis, Linn.; 
Cyrtina Billingsi, Meek; Cyrtina Hamiltonensis, Hall ; Cyrtinapanda, Meek; 
Spirifer Kennicottij Meek ; Spirifer compaciuSy Meek ; Spirifer (Martifda) 
subUneatus, Meek; Spirifer {Martinia) Richardamij Meek; Spirifer 
(Martinia) Meristoides, Meek; Spirifer (Martinid) FrankUnii, Meek; 
Bensseleria teyis, Meek ; a Pleurotomaria ; and Oyroceras Logani, Meek. 

26. A moi'e extended exploration of the Devonian rocks of the 
North-west is mueh to be desired. Their prospective value as a salt- 
bearing group is great, not only in the southern part, but far to the north 
on the Mackenzie Biver, where Bichardson describes veiy copious brine 
BpnngB. Their northern extension is also everywhero associated with 
bituminoiis deposits, from Methy Portage to the Arctic Ocean. Sir J. 
Bichardson especially mentions certain localities on the Athabaflca 
Biver, near the position of a former trading establishment, now known as 
La vieux Fort de la Riviire Bouge, " a copious spring of mineral piteh 
issues from a crevice in a cliff composed of sand and bitumen. It lies 
a few hundred yards back ft*om the river in the middle of a thick wood." 
Of another locality he wAtes : " The whole country for many milee is so 
füll of bitumen, that it flows readily into a pit dug a few feet below the 
surface/' * and similar references abound in his Journal. Where 
bitumen exists in such abundance on the surface, there is every 
probability that flowing oil wells might be obtained without going 
to any great depth, the bitumen being generally but the inspissated 
residue of lighter oils beneath. 

The bituminous limestones and shales have^ as already stated, been 
referred, by Prof. Meek, to the Hamilton and Genesee epochs. The ^^ Black 
State " of the Western and Southern States, lias been shown to be the 
equivalent there, of the latter. It " holds exactly the same position with 
relation to the Hamilton bedsas the clear water and Athabasca shales" 
of the Mackenzie Biver regionf and is very frequently connected with oil 
and brine Springs. This being the case, it is highly probable that the same 
formation in the intermediate region south of Methy Portage and in Mani- 
toba, where it is to a gi*eat extent covered by Cretaceous rocks, would, if 
properly explored, be found to yield mineral oil as well as salt. 



» Jounuil of a Boot Voyaffe, vol. L, pp. 126 and IM. f Trani. Chicago Aoad. Sei., vol. I., p. 65. 
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27. The possible existence in the vicinity of the Settlements of the 
Eed Eiver Valley, of beds referable to the period during which the 
deposite of coal in most parte of the world were produced, is a question of 
considerable interest, and has already attracted some attention. No 
exposures of Carboniferous rocks are known, and considering the low 
angles at which the Silurian and Devonian beds rest, and how close the 
area sapposed to be occupied by the latter lies along the eastem edge of 
the Ci'etaceooB, it is probable that the margin of the Carboniferous series is 
altogether concealed. Prof. Kind made a special search for the outcrop 
of these rocks along the base of the high-lands west of Manitoba Lake, 
which appears to be the most likely locality for their occurence ; but 
unsuccessfnlly.* It would no doubt be possible, by boring in judiciously 
selected localities, west of the escarpmentof theCretaceous, in the Biding, 
Duck and Porcupine Hills, to penetrate that formation, and discover rocks 
of Carboniferous age; which may probably exist there at no very great 
depth. We know something of the Carboniferous Formation of the 
interior Continental region, however, from its development on the upper 
waters of the Mississippi, and it would appear that the search for any coal 
beds of economic value west of Iowa, is almost hopeless. The character 
of the rocks, as compared with those producing valuable coal beds further 
to the east, changes completely ; the thick shales and sandstones of the 
latter region, being represented by limestones accumulated in deep water. 
It is true that seams of coal are known as far west as Nebraska, but they 
do not exceed a few inches in thickness, and seem to lie on the very 
margin of the coal-bearing basins of the east. * This estimate of the value- 
lessTiess of the rocks of Carboniferous age which underlie the great plains, 
is confirmed by an examination of their representatives yet further 
west. Where again emerging to view along the slopes of the Eocky 
Mountains, they are not known either in the United States or in British 
America, to show any sign of reverting to their eastem coal-bearing 
character. This being the case, it would appear that the westem prairie 
regions must depend for their supply of fossil fuel on the coals and lignites 
of the Cretaceous and Tertiary formations, there so extensively developed. 

28. Bocks of Permian or Triassic age are unknown in the interior 
region of British North America, with the probable exception of some 
beds of the Eocky Mountains, the equivalents of which south of the forty- 



*Prot. Hind flgurei a «pedmen of Producta, which Mr. Billlngs considered to be of Carboniferous 
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ninth parallel have boen referred to these periods. They must either 
have been removed by denadation, along the eastern margin of the area, 
previous to the Cretacoous period, or may never have been deposited 
there ; as an olevation of the oceanic plateau to asnfficient height to allow 
the formation of coarse sedimentary beds on its westem margin, would 
probably lay the eastern bordering region dry for a great breadth. 

29. The Jurassic period, also, has left few records in the rocks of the 
Noi-th-west. Jt 18 hardly probable that strata of this age come to the 
Burface in any part of the great interior Continental valley north of the 
Line, though Eichardson, when with Sir J. Franklin in 1826, obtained 
Bome fossils which Mr. Sowerby referred to the " Oxford Oolite and 
Combr&sh."* Ab they came from the limestone beds of the Mackenzie, 
however, and if placed in the Jurassic series, would appear necessarily to 
carry with them the bituminous shales now conclusively proved to be 
Devonian, there is no doubt some error in the reference. Prof. Meek 
writes, apparently with regard to the same foBsils ; " from one of these 
beds Sir John Franklin collected in 1825 some fossils referred to Spirifer 
acutuSy and several Terebrataloß, resembling T. resupinata," — " Spirifer 
acutus, however, being a Carbopiferous species, and Terebratula resupinata 
a Liassic form, it is evident there is some error in these identificationB."f 
Bocks known to be Jurassic by their fossils, are however, found in the 
Bocky Mountain region of Montana, and their equivalents — ^though not 
yielding fossils — appear among the highest rocks seen in the vicinity 
of the South Kootanie Pass, and will probably be found above the oarbon- 
iferouB limestone much further north in the ränge. 

30. The Cretaceous rocks, corresponding in age with the great chalk 
formations of Burope, though very difiPerent from them in mineral 
character ; are those which spread over by far the greatest surface. 
Except in a few localities, and those ^chiefly in proscimity to the Eocky 
Mountain region of uplift, they are still almost as perfectly horizontal as 
when originally deposited. The eastern edge of this formation partly 
overlaps the underlying Silurian and Devonian beds, and runs nearly 
parallel with the base of the Laurentian ränge at a distance of about one 
hundred and thirty miles, fVom the fifty-third to the fiftieth parallel of 
latitude. Southward it trenda to the east, and probably crossos the forty- 
ninth parallel east of Bed Biver ; while in south-westem Minnesota 
Cretaceous rocks repose directly in some places on granites, which are no 
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doubt Laurentian. The general course of the eaetem outcrop is conse- 
quently about north-northeast ; and it is marked, broadly, by a series of 
6scarpment8 and elevations, includiug — from Bouth to north — Pembina, 
llidüig, Duck, Porcupine and Basquia Mountains. All these appear to 
be composed for the most part, if not entirely, of Ci'etaceoos rocks, though 
the extreme edge.of the formation may often Stretch beyond them. 
These so-called " Mountains " are, more con'ectly speaking — as already 
shown — salient points of the edge of the second plateau, and the generally 
horizontal position of the beds thus suddenly cut off to the oast, attests 
the immense denndation which must have taken place in comparatively 
modei-n times. 

31. North of the Basquia Mountain, from the very scanty informa- 
tion we at present possess, the edge of the Cretaceous would appear to 
run westward and cross the Saskatchewan Biver near Fort ä, la Come, 
where at Cole's Falls a dark-coloured shale which has been referred to 
the lowest member of the series, occurs. It may very probably be nearly 
conterminous with the edge of the second plateau, which, according to 
Mr. Selwyn, crosses the river forty-five miles below the Foi-t. The 
westem border of the Cretaceous seems in some places to follow closely 
along the base of the Bocky Mountain Bange, but many circumstances 
arise to complicate the question in that region, and it will only be afler 
the accumulation of much more Information than is at present in our 
possession, that the line can be laid^ down with any accuracy. In some 
parte of the ränge, Cretaceous rocks have been included among the 
mountains themselves, and considerably altered ; but the greater part of 
the newer strata, which must have covered the pale90zoic rocks of this 
region when the uplift first took place, have been removed by denudation. 

32. The Ci'etaceous rocks thus dofined in breadth, north of the 
Boundary-line, have been noted by Prof. Hind, Dr. Hector, Mr. Selwyn 
and Prof. Bell, in many localities on the second prairie level, some of which 
iare more particularly referred to in the sequel ; and are known to extend 
in a broad zone from the North Saskatchewan to the Mexican ft-ontier 
and southward. In the westem Tei-ritories of the United States, the 
stratigraphical sequence and palaeontology of the Ci'etaceous beds, have 
been carefully studied by Dr. Hayden, Professors Cope, Newberry, 
Marsh, Lesquereux, Leidy and others. South of the forty-ninth parallel, 
however, the Cretaceous itself is to a great extent conoealcd by deposits 
of Tertiary age, which, though thoy have been accumulated at differont 
periods, from the generally undisturbed naturo of tho countiy, aro raroly 

2d 
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found to rest on the Crotaceous in.other than a conformable position. 
North of the Line, the only one of these later formations jet reoognized is 
the lowest or Lignite Tertiaiy. 

32. Our knowledge of the Cretaceoufi beds beyond the North 
Sa^katchewan, in as yet very limited, and depends almost entirely on th« 
observations of Sir J. BichaixUon, aided by chance notes ,of other 
explorer» not profe^sed geologists. It is likely, however, that a trough 
or series of more or less isolated baeins of lignite and coal-bearing 
strata, foUows near the easteni base of the mountains the whole way 
to the Arctic Sea. A part of these beds is known to represent the 
Lignite Tertiaiy of the sonth ; but judging frora their aasociation else- 
where, they will pi'obably be found to rest on Cretaceous rocks through- 
out. Indeed, fi'om the fragraentaiy nature of the information conceming 
this great northern region, and the niisettled qüestions with regard to 
the age of the coal series of the analogous region near the mountains and 
south of the North Saskatchewan, it is impossible to decide whether some 
of the coals and lignites descnbed, may not belong to the Cretaceous 
formation iteelf. The existence of Cretaceous beds has, however, only 
been determined with certainty at a Single locality, on the Bear Lake 
Kiver, near its junction with the Mackenzie. Sir J. Richardson here 
discovered an Ammonite among sandstones and shales which he states 
rosemblo those of the coal measures. Prof Meek has det^cted fragments 
of an Amnumite and Inoceramus in Mr. Kennicott's collection from the 
same place,* and had formerly described two species of Ammonites fVom 
that neighboui-hood, submitted to him by Prof Hind, as A. Bamstani and 
A. BillingsL f 

33. The sulxiivision of the Cretaceous, as it occurs in Manitoba and 
the North-west Teiritorios will require discussion after the systematic 
description of the localities in which it has been examined. From its 
close goneral resemblance however, to that which has been studied in 
the Western part of the United States, it will be useful to have the Upper 
Missouri Seetion of Meek and Hayden, which has now become typical, 
as a Standard of comparison. 

» 

The formation is thoro composod as follows in descending order : 
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Later Cretaceaus. — 



No. 6. Fox Hill Beds. — Grey, ferraginouB andyellowish 

sandstones and arenaceoiu clayB. Marine shtUt, 600 f eet. 
" 4. Fort Pierrs Group. — Dark grey and blueish 
plastic dayt. Marine sheUa, gypsum and fish 
remoÄnn 700 " 



EarUer Cretaceous. — 



No. 3. Niobrara Group. — Calcareous marls. Marine 

theÜBy fish remtüns, Foraminifera, «fcc 200 ** 

" 2. Fort Benton Group — ^Dark grey laminated days, 

with some bmeatone. Marine shelUt 800 *' 

'^ 1. Dakota Group. — Yellowish, reddish, and whitish 
landstonee, and clay, with occasional lignitea. 
Marine and some fresh-toater shells, and Angio- 
spermous leaves 400 



<• 



Gmng, as an approximate thickness of the formation in that region, 
2,600 feet. 

34. The Lignite Tertiary rocks north of the line are not bounded 
by any great physical features of the country, bat adhere closely to the 
npper members of the Cretaceous, and behave as an upper member of 
that formation might be expected to do. Though no doubt originally 
deposited in extensive basin-like depressions of the Cretaceous strata, 
these are now generally found forming slightly elevated plateaus. Denu- 
dation must have acted on these rocks on a vast scale, but they still 
Cover an immense area, and contain the greatest Stores of mineral fuel 
known to occur in the vicinity of the forty-ninth parallel. The line of 
their eastem edge crosses the parallel near the 102nd meridian, and 
thence appears to pursue a north-westward course, remaining for some 
distance neai*ly parallel with the edge of the third plateau. Beyond the 
Elbow of the South Saskatchewaii, though the same physical feature 
continues to the north, it is not known what relation it may bear to 
the outcrop of this formation, nor has its northem limit been ascer- 
tained. Between the North and South branches of the Saskatchewan 
Eiver there is a great ti*act of country, the geological features of which 
are still very imperfectly known, but where it is highly probable, out- 
lyers, if not direct extensions of this Lignite formation will be met with. 
To the west, it appears to extend, at least in some places, nearly to the 
base of the Bocky Mountains.* 

35. A thick mantle of sands and clays, referable to the glacial 
peiiod, and to former great lakes, Covers almost the entire surface of the 
plains. A geologist may often travel a hundred miles without once 
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boing ablo to observe a section of the uuderlying Cretaceons or Tertiary 
i-ocka, and but for their gi*eat uniformitj and simplicity of structore, it 
would be a very difficult task to unravel tbe geology of so rast a region. 
Tho vory raonotony of tbe plains is, however, to a great extont, a oorol- 
lary of the attitude of the strata beneath them, and of their unconsolidated 
and homogoneous character. 

36. In the foregoing brief summary of the Physical Geography and 
Geology of the interior region of British America, I have availed myself 
freoly of the various sources of infonnation on that subject, some of which 
have been already acknowledged. Thongh thei*e are many works 
bearing more or less directly on the general natui-e and aspect of the 
country, the geological bibliography is as yet quite small, and the 
knowledge of some districts has not been extended since the date of the 
tirst observations, made many years ago. The principal authorities on 
this region, exclusivo of those relating ontirely to its Arctic portion, are 
as follows: — 

Sir J, üichardson, in bis " Journal of a Boat Voyage through Eupert's 
Land," 1851. Also iy " Topogi-aphical and Geological Appendix to 
Frankliii'ö Second Journey to the Arctic Sea," and various papers in tho 
Journal of the Geological Society of London. Ilis personal observations 
were chiefly confined to the Canoe Boute, fi-om Lake Superior to the 
mouth of the Mackenzie, and to the regions lying near the coast of the 
Polar Sea. 

Dr, Bigsby, in two papers published in the Journal of the Geological 
Society, 1851 and 1852, gives much information on the Lake of the 
Woods region, as more fuUy mentioned in .\nother part of this report. 

Mr. Jsbister, in the Journal of the Geological Society for 1855, gives 
a concise account of the general geology of the north-westem regions of 
America, as then known, and a geological map chiefly based on that of 
Bichardson. 

Prof. H. Y. Hindj in bis vai'ious reports of the " Assineboine and 
Saskatchewan Exploring Expedition," organized by the Canadian Grovem- 
ment in 1857-58, fumishes much information, both as to the geolog}' and 
general character of the country traversed. 

Dr. Mecfor, geologist to the exploring expedition sent out by the 
Imj)erial Government under Capt. Palliser, traversed an immense extent 
of country dm-ing the yeai-s 1857-58-59. To him the first really trust- 
worthy general geological map of the interior portion of B. N. America 
is duc ; and he has besides accumulated and published a great mass of 
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geological observationB, the significance of many of which appears as the 
oountry is more thoroughly explored. His report ie published, together 
with the other results of the expedition, by the British Government, as a 
Blne Book, bearing date 1863. He has also eontributed a paper to the 
Geological Society's Journal on the subject. (Vol. xvii.) 

Dr. D. D. Owen^ in bis " Geology of Wisconsin, Iowa and Minnesota" 
(1852), touches incidentally on the Silurian limestones of Bed Biver. 

Prof. Keating^ in 1823, made some cursory observations on the same 
limestones, and on the rocks of Lake of the Woods. v ^ 

Prof. F. B. Meekf in a paper entitled " Sketch of the Geology and 
Pala^ntology of the Valley of the Mackenzie Biver," published in the 
first volnme of the transactions of the Chicago Academy of Sciences 
(1868), describes a number of fossils collected by Mr. Eennicott, and re- 
views the geology of the rogion. * 

Prof. Heer, in bis work, ^^Flora Fossilis Ärctica" gives three plates, 
and descriptions, of fossil plants from the Mackenzie Biver. 

Jfi*. Selwyn, director of the Geological Survey of Ganada, in the 
Beport of Progress, for 18T3-T4, gives the results of a preliminary 
ezamination of the NoHh Saskatchewan region. Prof. Beü, in the sarae 
volume, reports on the country in the vicinity of the South Saskatche- 
wan and Qu' Appelle Bivers. 



CHAPTEE IL 

GBOLOGY OF THE LAKE OF THE WOODS. LAURENTIAN AND 

HURONIAN. 

PosmoK A^D Oeooraphy OF THE Lake — Clear-water Lake->Sand-luU Lake — 
White-fish Lake — ^Lac Plat — Formeb Geolooical Explorkks — Laurkntiak 
FoKMATiON— Vicinity of the North- West Angle — Flag Island to Rainy River 
— Bigsby Island — Middle Island — North Island — Shebashca — Area of müch- 

ALTEUBD HURONIAN. — InTRUSIVE GrAKITIO MaSS OF NORTH-WlST AnOLK 

— Its form — Northern branch — Southern branch — Induded area of altered 
rocks — HüRONiAN Rocks — ^Anole Inlet to Ka-ka-ke-wabec — Qoartzite — 
Conglomerate belt — Schistose rocka — Second Gonglomerate belt — Second 
Schistose belt — Ka-ka-ke-wabec GRAirrrE — Huroniak Rocks Ka-ka-kk 
WABEC TD Rat Portaoe — Schistose belt — Conglomerate of Lacrosse Island — 
Ektensive Schistose belt with some conglomerate»— JuNcnoN of the Lau- 
rentian and HxjROviAif AT Rat Portaoe — General Distribution and 
Attitudes of the Rocks — ^Main directions of flexure— Oomparüion with 
other localities — Character and Aoe of the so-called Huronian Rocks 
Nature of the conglomerates — ^Metamorphism — Dykee and veina — ^Mineeai^ 
OF economic value. 



Position and Geography of the Lake of the Woods. 

37. The Lake of the Woods is over seventymiles in extreme length, 
and from its exceedingly irregulär form has a very extended coast line. It 
belongs to that System of Inland waters which includes the Great Lakes to 
the east, and is continued in the north and west hy Lakes Winnipeg, Atha- 
basca, Great Slave and Great Bear Lakes ; all of which lie along the 
southem and westem margin of the great metamorphic nuclens of the 
continent, where. its ciystalline rocks sink below those of Silurian and 
Devonian age. This lako, in its geographical and geological relations^ 
thns differs from those which cover so great a part of the surface of the 
crystalline metamorphic series itself, and which appear to occupy shallow 
rock basins in it. 

38. The water supply of the lake is derived chiefly irom the north- 
ward and eastward by the Bainy Biver, a magnificent stream, draining the 
westem slope of the watershed which divides the waters flowing to 
tne Lake of the Woods, from those falling eastward into Lake Superior. 
The tributary streams from the country ly\ng west of the lake, though 
comparatively numerous, are nnimportant; as the low ridge which separates 
these from those passing wostward into the Bed Biver, lies very near 
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the Uke. The lake discharges its waters by the Winnipeg Biver at Bat 
Portage, and there begins the descent of about three handred feet to 
Winnipeg Lake, by a fine cascade and rapid. 

39. The northern part of the lake is studded with innumerable islands, 
comparatively few of which are marked on any map. Some are several 
milesin length, othern of verysmalUize, butthey ai*e invariably composed 
of solid rock, and seldom have more than a very seanty covering of soil. 
The shores of this part of the lake are also rocky and bold, and the water 
clear and deep, giving rise to its common name of Clear-water Lake, It 
communicates by several narrow passages through a maze of islandn, 
with the Bouthem portion, which is totally diiferent in character. Here, 
islands are comparatively rare, and the lake forme a broad sea-like ex- 
panse, which is eamily thrown into violent agitation by the wind», 
rendering canoe navigation somewhat precarious. The shores are for 
the most part low and swampy, in some places covered with a dense 
growth of tamarac, but often bordered by low sand-hills, and stretching out 
behind them in great reedy Muakegsß The water is comparatively shallow 
and somewhat turbid. To this part of the lake the name Lake of the 
Woods is generally applied, but it is more properly called Lake of the 
Sand-hills. A third great division of this System of waters lies between 
the eastem bays of Clear-water Lake and Lake of the Sand-hills. It 
communicates with the former by narrow Channels, and fi*om the latter 
is entered across a rocky division known as Turtle Portage. This pai*t 
of the lake is designated WJute-fish Lake^ and has never, so far as I can 
leam, been properly examined or surveyed. Lac Platy situated to the 
West of Clear-water Lake, may, though mach smaller than the others, be 
counted a fourth division. It is, I believe, entered in one place without 
unloading canoes, and also by several easy portages. It would appear 
to be shallow, merging into swamp westward, and is the great rice 
groand of the Indians. The North-west Angle Inlet, is a naiTOw arm 
running westward from near the junction of Sand-hill and Clear-water 
Lakes. On it is situated the eastern terminus of the road fix)m Winni- 
peg, and in connection with this there is a Government Station for 
immigranto. There is also a Post of the Hudr^on's Bay Company, several 
traders' hooses, and usually a large camp of Indians. At Bainy Biver is 
another Grovemment post, known as Hungry Hall, and between this 
place and the North-west Angle a steamer now plies regularly, foiming 
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a link in the through route from Lake Superior to Manitoba. The mouth 
of Eainy Biver is also, and ha8 been from time immemorial, a favourite 
Camping place of the natives. At Bat Portage there is a small Hudson's 
Bay Post, surrounded hy a stockade, and trading with Indiana hunting 
over a great area of country. 

Former Qeological Explorers. 

40. The geology of the Lake of the Woods was first discussed by Dr. 
J. J. Bigöby, in a paper which appeared in the seventh volume of the 
Journal of the Geological Society (1852), and gave the resulte of an exam- 
ination made, I believe, in 1823, during a visit to the lake in his capacity 
as Medical Offieer to the Boundary Commission Survey ofthat date. This 
paper gives a remarkably clear general account of the geology of the re- 
gion, and I must express my Obligation to it for several facta incorporated 
in the general map appended to this report. Prof. Keating, associated with 
Major Long, in a United States Government expedition to the som^ces of 
the St. Peter Biver and neighboui'ing country, passed through the Lake 
of the Woods by the Canoe Beute in 1823, and gives a few notes on the 
lithological character of the rocks observcd. Prof. Hind mentions some 
facte bearing on the geology, in his Beports (185T and 1858). Prof. Bell, 
of the Camadian Geological Survey, in his Beport for 1872, gives a short ' 
account of the rocks secn during a canoe voyage from Bat Portage 
to North-west Angle, and some conclusions on the general geology.* 

Detail of Observations on Oeology. — Laurentian, f 

41. On appi*oaching the Lake of the Woods fi-om the west, by the road 
fi'om Winnipeg, the fu'st rock in place is seen about thi'ee miles east of 
Birch Creek Government Station, and consists of Laui'entian granitoid 
gnoißs. About eleveu miles east of the same place, and on the eastem 
margin of the Caribou Muskeg, a largo sm*&ce of a similar rock is exposed, 
and is seen to be ü'avei'sed by veins of red feispar. A mile fmiiher east, 
another good series of exposures occm's, the rock being a greyish gneiss, 
the lamination of which has a strike of N. 60° E. It is interaected by 
many veins of red feispar running in all directions. About fourteen miles 



* To Mr. A. L. RosmU I fem indebted for muoh infonnation oonoemin^ the purt of the lake which I 
was unable penonally to Tisit ; also for an optiortuuity of examining specimeiw ooUected by him in Lac 
Plat, and aasistance in brinsing the map up to date by the addition of tue resulte of recent surveys. 

t The bearings given throughout this chapter are magnetic. The Variation at the North- VITest Angle 
being U'' 17' EaHt, aooording to obeerratlons by Gapt. Andezvon, R.E.» in Ootober, 187S. 
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east of Birch Creek, a well simtified and thinly bedded gneiss rock is 
exhibited, havingin soraelayers a green colourfrom homblendeor epidote. 
It8 strike ie N. 50° B. Other exposwes of flimilar i*ock8, with a general 
accordanee of Htrike, W6i*e seen between the last mentioned place and tbe 
Noi-th-west Angle. 

42. Near the upper pai-t of the North-west Angle Inlet, rock exposm^es 
are extremely rare ; but this region is also apparently nnderlaid by Lauren- 
tian. A few hundred yai*dH northward ü*om the Seference Monument, and 
in the midst of a dense wood, a low rounded mass of dai*k gneissic rock 
rises above the geneml level. It holds apparently both homblende and 
mica, whieh are aiTanged in thin and regulär laminae, and is ncarly 
vertieal with a strike of N. 70° E. On the opposite side of the inlet, in 
the enti'ance to a reedy creek, a few yards of a compact greyish-black 
mieaceous rock appears nearly at the water level. Its attitude is not 
elear, but it is travereed by two quartz-felspar veins, each about eighteen 
inches wide, with a course of S. T5° E. 

43. The rocks in the vicinity of the North-west Angle Inlet are thrown 
into some confusion by the presence of a great granitic and syenitic intrusive 
mass, more fully noticed on a subsequent page. South of this intrusive 
mass on the west shore of the lake, the first rock clearly Laurentian, 
occurB about five miles south^ard fi'om the entrance of the Inlet, and about 
a mile from the southem end of the granitic peninsula, known as Flag 
Island. The rock might here undoubtedly be called a granite, and in some 
paiiB is quite coarsely crystalline, with large and prominent feispar crystals. 
The whole, however, shows a foliated stractui'e, and other remains of 
stratification pai*allel to the direction of this, are to be seen in places. The 
general line of strike thus indicated, is nearly east and west, tiu*ning 
sometimes a little north of east. 

44. This i-ock is traversed by dykes and v^ins in many places, and 
one instance of curiously complicated intersection of these was observed. 
The oldest intrusion is a vein of red feispar, but a few inches thick, and run- 
ning about north-east. This is divided by adyke three or four feet wide, of 
greenish diorite, which includes fragments of the much-altered gneissic 
rocks, aud gives oif some diverging branches. A thin seam of veiy dark 
homblendic diorite of still later age, cuts across both these, and is in tm-n 
intersected by an in'egular vein of red granite. Lastly, a movement 
parallel to the direction of the largest diorite dyke, and subsequent to all 
the others, is indicated by a crack-mark, along which the granite vein haa 
been slipped. (Plate I.) 
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46. The gneisB above described, extend»along the shoi^ southward for 
about a mile and a half, and then sinks below the level of the water, and 
for about fifty mileB, following the coast-line, — ^which ti*eads weetward and 
forme two doep bays, — ^no rock i» seen in place ; the shore consisting of sand 
and wide-Btretching grasBy swamps. The rock next appears forming 
the north-eastem point of the southem promontory of the lake, which is 
about eighteen niiles due south of the last mentioned expoBure. It is very 
poBsibly a much altered gneisB, but assumeB the appearance of a fine- 
grained granite, very compact, and pinkish-grey in colour. It is much 
bi*oken up by intrusive dioxite dykes of lai'ge eüze, which have a geneitd 
dii-ection of from N. 20° E. to N. 40° E. These are very compact, dark- 
green, with irregulär grains of iron pyriteB ; and show lai*ge iBolated green- 
ish-white blotches which give the rock a i*oughly poi^phyriüc aspect, 
and are composed of felspai* ciyBtals, which have undergone fracture in 
several directions since theii* formation. A Bniall rocky islet, about a 
mile and a half north-east fh)m the point, is compoBed of a similar 
material ; it was covered, when visited, with nesta füll of young cormor- 
antB {Qrcundtis dilophua). Both these diorites esBentially reBemble that 
compoBing an island near the first exposure of Laurentian rocks sou^ 
of the Angle Inlet. 

46. Four milcB eastwaixl, the north-eastem point of the southem pro- 
montory iB found to consist of rock in place, which extends fbr more than 
a mile along the shoi'e. It consiBts of thinly straüfied gneiss and horn- 
blende schist, much broken up by small fliults, and twisted, but showing 
a general dip of üx)m N. 50° E. to N. 70° E., at angles of 50° and 
upward. 

47. From this point to the vicinity of Bainy Biver no rock appears. 
Near the mouth of the river, limestone has been reported to exist, but I 
did not find this rock except as Bcattered boulders, in which foim it is 
common along the whole southeiii border of the lake. 

48. A few miles noi-th of Bainy Biver, the Laurentian ix)ckB again rise 
above the level of the drüt, as homblende Bchists, associated with thin- 
bedded gneiss. Where fii*st met with, their stiike is N. 85° W., and the 
dip southward at a high angle. At two points a little further north, the 
strikes were found to be N. 73° W. and N. 78° W. respectively. The 
homblende schists are generally composed of black homblende and white 
feispar, and are fine grained and thinly bedded. In some places, however, 
the homblende changes to a i*ather light green. The vocks ai*e traversed by 
numerous sinüous red felspar veins, and in minor cracks show streaks of 



LAKE OF THI WOODS. — ^LAüBXNTIAN. 27 

epidote. A small Island off Windj Point is of gneiss, with a strike of 
N. 51^ W. and a high dip to the sonth. 

49. Making a traverse of three miles to Bigsbj Island — which lies to 
the north, and is the most southem Island of the chain which 
Stretches across the eastem bay of Sand-hill Lako — ^the rock is found to 
be a granitoid gneiss with a strike of N. 70^ W. It probablj belongs to 
a Stratum considerably underlying the last described-beds, on the main- 
land. The south-eastem point of the island shows grey and homblendic 
gneiss striking N. 50^ W. The eastem point is formed x>f grey granitoid 
gneiss, only showing in a few places sofficient traces of stratification 
to allow the stiike— which is N. 65° W. — to be obsei-ved. In several 
places in this vicinity there ai^e lai*ge irregulär segregation veins com- 
posed of red oHhoclase feispar and white quartz. The feispar crystals, 
have as usual, formed first, and their crystallization is very bold; one 
of them beautiMly cut and polished in section by glacial action, measming 
seventeen inches in length. The quartz has fiUed irregulai' pockets 
remaining among the felspai* crystals. • Two miles north, and still on the 
same island, a point was observed where granitoid gneiss of the usual 
type, reddish-grey in colour, and also holding veins of feispar, was cut by 
a large dyke of veiy compact dark-gi*een diorite. The northem portion 
of this island is entirely composed of grey gi*anitoid gneiss, in some places 
scarcely distinguishable from granite, and of which the strike and dip is 
indeterminate. J^t the extreme northem point, it forms low genüy 
rounded knolls which rise slightly above the sm*face of the drift. 

50. Middle Island, opposit« the north end of Bigsby Island and for 
about two miles northward, is composed of thinly bedded and ofben 
ribbon-like gneiss and mica schist, with some greenish layers like those 
intercalated in the strata last described on the mainland. The attitudes 
at three points, beginning at that fiirthest south, were found to be respec- 
üvely: dip N. 53° B. < 68°— S. 60° W. < 35°— S. 65° W. < 38°— 
indicating a well marked synclinal fold. The beds where they dip 
north-eastward on the south side of this synclinal, are probably the 
retum ofthose last seen on the mainland, and must overlie the granitoid 
gneiss of Bigsby Island. It can hardly be supposed, however, that the 
phenomenon is a simple anticlinal in which all the beds fix>m Windy 
Point to this locality are included, as the distance is at least eight miles, 
and the angles of inclination high. It is more probable that a series of 
Sharp flezures having an approximate east and west direction, are super- 
imposed on a long gentle swell of the strata parallel to them, and 
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the higher part of which has been entirely removed by denudation. 
North of the last mentioned locality, gi'ey granitoid gneias again con- 
stitutes the shore, aud is traversed as usual by many feispar veins, some 
of them of large eize and having an approximate east and west course, 
and underlie to the north. Northward, about two miles from the 
northem point of the Island, hornblende Bchist appears with a dip of 
S. 39® W. < 55®. This is immediately succeeded by granite, being a 
portion of the great intrusive mass of North Island, and forming also the 
northem part of this Island with the exception of about halt a mile along 
the north-eastern shore ; where the eastern end of a small auticlinal of 
grey gneiss overlaps the edge of the intrusive ix>ck. The gneiss, besides 
red feispar veins, is intersected by several of dark gi-een diorite having 
an east and west course. The granite in tho noi'thern part of the island 
asserts itself by giving the country a much higher and bolder appearance, 
and is evidently intrusive, as it holds detached fragments of clearly 
stratified gneiss near its junc*^^ion with that rock. It is homogeneous, of 
red and greyish-red tints and fine grain ; and is traversed by occasional 
feispar veins, some of which were found to have a courae of N. 30® W. 

51. Opposite the north end ofMiddle Island, North Island is composed 
of grey gneiss, dip N. 3T° W. < 30®, and probably connected with 
that just noticed. This is immediately followed to the north by pink fine- 
grained granite, enclosing large unaltered masses of the gneiss. The 
remainder of the island is formod of similar granite rock of grey, greyish- 
red, and red tints, and very compact. 

52. The jnnction of this great mass of intrusive granite with the rocks 
to the northward, is concealed below the waters of the strait which 
separates North Island from the midnlaind, and which is from three 
quarters of a mile to a mile in width. The rock where next seen is a 
blackish homblendic schist, dipping N. 68® W. < 40®, or away from the 
granite, and including red feispar veins more or less nearly conformable 
with the strike, which are probably connected with the einiptive mass. 

53. The shore from this point runs north-westward for about eight 
miles, and is deeply indented with bays of very irregulär outline, and 
frioged with high rocky islands. The rock, with the exception of two or 
three granitic masses of compai*atively small size, is hornblende schist and 
gneiss, and with a few exceptions, has a general south-westerly dip, and 
nearly coincides in its sti-ike with the general line of the coast. In a deep 
bay, a short distance west of the last mentioned locality, and separated 
from it by a boss of red granite holding gneissic fragments; black and 
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gi-oenish homblende Hchist recui-s. It dips north at an anglo of 55°, and 

a few hundi*ed yaixls further north ward become verticah Near the bottom 

of the bay the rock is still homblende sohlst, vertieal, and greenish in coloui* 

with an appi*oximate strike of N. 55° W. ; showinga great thickness of these 

homblendic i'ocks. A mile and a half westward in the line of stiike tho 

same schist appears, with a nearly east and west sti'ike, and is immediately 

succeeded to the south by intiiisive granite, possibly an extension of the 

last mass. This is followed by grey gneiss, strike, N. 83° E. Eather over 

a mile north-west of this the prevailing rock is again a homblendic schist, 

which appears to be pai*tly micaceous in places, and has a dip S. 18° W. < 

50°. This rock, in foUowing the shore, is immediately sncceeded by well- 

mavked gneiss, which appeai's to be stratigraphically inferior to any i*ock 

seen since leaving North Island. It constitutes the shore and islands for at 

least two miles. Its colour is usually grey, and in one locality it showed 

a dii'ection of strike N. 45° W., and a dip at high angles to the south ward. 

In some places it is gi*anitoid, and so massive as to give no well-defined 

direction of sti'ike or dip. Near the point where this compact gneiss 

disappeara, the shore begins to trend rapidly to the north, sweepiug round 

the end of the promontory dividing Sand-hill and Clear-water Lakes. 

This change is closely followed by the strata, which show a simultaneous 

tendency to alter their strike toward the same direction. The i-ock again 

changes to a homblendic schist, with a dip of S. 40° W. < 60. This rock 

is probably the representative of the thick series of homblendic schists 

mentioned as occui'ring in the fu-st bay west of North Island. It becomes 

micaceous westward, and includes some gneiss bands ; and constitutes the 

shore for about two miles, having in two places whei'e observations were 

made, dip S. 60° W. v 50°, and S. 45° W. < 60. 

54. Westwai-d fi-om this place, the rocks assume a quite different ap- 
peaitince, and belong, as I believe, to an ai'ea of much-altered Hm*onian 
which lies to the south of the gi-eat North-west Angle intioisive mass. The 
actual junction between the two formations at this point is concealed by 
water, but they show a remarkable appearance of conformity, the next 
i^ock Seen, being a soft greenish slate, with a dip of S. 60° W. < 45°. It 
is worthy of notice that similar apparently confonnable junctions of Laur- 
entian and so-called Huronian rocks have been noticed by Prof. Bell, as 
occuiTing on the Albany Eiver at Mai'tin*s Falls, and also in the neighbour- 
hood of White Eiver.* 



* Report of ProgroM Oeologicai Survcy of Ouiada, 1871-72. p. 110, and 1870*71, p. 345 
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Area of Much-aUeredJSuroman Rocks lying South cf the Intrusive Qrcmitie 

Mass of the North-wut Angle. 

55. This detached area of Horonian is comparatively small ; its great- 
estdiameter, which lies nearly eaat and west, may be Btated as about eight 
miles, and its width at about foor. So far as could be ascertained by an 
examination of the Islands which fill this narrow part of the lake, the 
noi*them and westem edges of the area are bounded by intmsive rock, 
and the eastem passes in the manner already described into the Lanrentian ; 
bat, as the southern edge is only defined by the margin of the belt of 
islands, and tbe falling away of the rock surfiice below the waters of the 
lake, it may possibly extend much further in this direction. Indeed, con- 
sidering the close manner in which the form of the lake accommodates 
itself to the ai'easoccupied by the softer rock formations, it is not improbaUe 
that mach of the southern part of its basin may have been excavated in 
Huronian rocks softer than those now treated of, which have assumed an 
altei*ed character from their pi*oximity to the granitic mass. 

56. The rock first found on leaviug those of the Laurentian series, and 
belonging to the eastem end of the area now in question, is a duU-green 
soft hornblendic slate, separating into rather thin laminse, often brownish 
in colour aiong the division planes, and where weathered. It includes, in 
some places, moi'e or less lenticular masses of grey rock resembling 
gneiss in appearance, which may have been intruded parallel to the 
Btraüfication planes, but is more probably bedded, and formed of material 
differently affected by metamorphism. A short distance west of this, the 
rocks assume a veiücal attitude, with a strike of about N. 80^ E. 
Quartzites of greyish colours preponderate, and are associated with arock 
resembling diorite, but which may possibly be a much altered Sedi- 
ment. The quartzite shows many joints running in all directions, and in 
some places is so cut up by them as to render it difficult to break off a 
clean-faced spedmen. The joints are sometimes slickensided and gener- 
ally nisty. West of this, at about six miles east of the northem end of 
Rag Island, the 8ti*ata dip N. 27** E., < 70°, the rock being a soft, very 
finely laminated micaceous schist of a grey colour; the mica in which is 
black. It is intersected in one place by a well defined dyke of diorite, 
not of great width, but with a fixed direction of S. 40° E. For about 
a mile south-west of this, the rock, whei'e seen, is a thinly bedded 
grey gneiss, imperfecüy crystallized. It was found to have at three 
points where observations were taken, the following attitudes: — ^N. 8° 
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W. < 60«— N. 13*' W. < 46^ and N. 6*» B. < 58^ It forma with 
the rocks still fVirther west, a Beries with a nearly east and west Btrike, 
and northerly dip, toward the introsive masB. 

67. Soath of the last mentioned locality, on the sonthem aide of the 
belt of islandB, the rock, which must considerably nnderlie those just 
spoken of, is a hardened chloritic Blate of dark-green colonr, including thin 
belts of gneisB-like material, which althongh parallel to the strlke, may be 
intmsive. These rocks have a dip N. 12** B. < 60**, and formh igh 
hold islandfl. They are very probably the retum on the sonthem side of 
a synclinal of those Hnronian beds of similar appearance, which were first 
described, and which, about fbnr miles to the north-east were found 
dipping south-westward off the flanks of the Laorentian. 

58. Three and a half miles east of the north end of Flag^Island, rocks, 
overlying the last, consist of dark micaceous schists, dip N. 10** W. < 
45**. In the islands to the west, the schist is replaced by hard dark- 
green altered rocks, which probably hold a somewhat higher place in the 
series. The islands to the north, ai*e composed of lightK$olom*ed granitic 
rocks, the line of junotion between which and the gi*een rocks, is every- 
whore covered by water. These green rocks generally yield only an 
approximate dip or direction, but wero found to give in two places N. 12** 
W. < 45**, and N. ö'* W. < 60**. Near the westeni extremity of the 
Huronian area, they compose a large Island lying immediately east of 
Flag Island ; and on crossing a passage three quartei*s of a mile wide to 
the latter, the rock changes to compact pinkish intmsive granite (§64). 
A little tongae of much altered and contorted green rock, occupies the 
eastem shore of Flag Island for a few hundred yards, and seems to be the 
outlying end of a minor synclinal fold, the greater part of which has been 
removed by denudation. A similar outlyer of the same rock riseß above 
the Lake as a small water-washed islet, in the sonthem part of the bay 
soath of Ffag Island, and may extend westward ander the low shore of 
the bay. 

59. The general character of the rocks ofthis area of much-altered 
Haronian, is qaite different from that of the typical Laorentian of other 
parts of the lake. They are softer, and more schistose and slaty, and give 
a different appearance to the coantry, and a more ragged ai^ braken 
character tathe shoi'e. Dark green shades are prevalent, the most prom- 
inent mineral constituent of many of these altered rocks being green 
horablende, generally crypto-ciystalline, and often occurring with scarcely 
a trace of feispar. Prom the evidence of other rocks surroanding the 
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granitic outbiu'öt, these muöt have suifered intenue metainoii)hi8m, and 
had this been superimposed on that which is seen to effect the Laurenüan 
rock8 in genei'al, thoy would have assumed a very different aspect fix)m 
that they now have. They diifer, however, fix)m the altered Horonian on 
the north side of the granito, in the absence, bo far au obseiTed, of rocks 
clearly representing altered conglomeititeB) so common there. 



Intrusive Granitic Mass of the North-west Angle and Vicinity. 

60. This intiTision may be con»idered as roughly sepai*ating the Huron- 
5an series of the northem part of the lake, from the Lanrcntian of thesoutli ; 
but cut8 off the area of much altered Huronian rocks, just described, from 
the rest. Itö general form, »o far as I have been able to define it, ig that 
of the letter Y» ^ß bifurcation taking place westward, and the northem 
branch passing almost dii-ectly up the North-west Angle Inlet, while the 
soutl^eni curves southwaixi towaixl Flag Island. In the fork of the Y ^^ 
area of sedimentary rocks is caught up, which appeara, like those lying 
to the south and noi*th, to be highly alt<3red üui'onian, but may also 
include somo beds of the Laurentian. 

61. The multitude of large and small Islands separated by nari'ow and 
tortuous Channels, which fill the lake opjxwite the North-west Angle 
Inlet, ai'e due to the superior hardness of this mass, and its sui-munding 
altered i^ocks ; and it veiy probably, as suggested by Dr. Bigsby, runs 
eastwaixl and constitutes the backbone of the promontory, which so con- 
stricts this part of the lake. Its most western visible extension is seen at 
McKay's Island, a munded half-submergod hill, which Stands boldly out 
from the low swampy gi'ound of the northem shoi'e of the Inlet, some 
seven miles east of the govemment landiug, and about oight miles from 
the Laui'entian rock ali^eady described as existing at the Seferenc« 
Monument not far from that place. The gi-anite is moderately coarse, and 
greyish-red in colom*. It has scattered through it iiTegular masses of 
gi'eyish fine-grained homblendic rock, which is softer and weathera away 
into hollows, and pTObably represents included fragments of surrounding 
stmta. Many segrogation veins of coarse-grained i'eddish felspar with 
quartz, o(jcur, with a general com^se nearly east and west. They nm 
very straight in some places, but do not exceed a foot in width. Eastwairl 
from McKay's Island, on the north shore of the Inlet, several points 
show a granite similar to that there represented, grey in coloiir, and 
often holding sogi-egations of red feispar and quai*tz. 
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62. Bücket^ Liland, on tho south öido of the Inlet whero it wideiiB to 
the lake, is also composod of granite, belonging to tho same masH, but 
red in coloui\ Höre ai'O also many segregated veins and buncheö of 
felspai' and quai*tz. Several of the veins were found to have a direction 
of N. 40° B. The felwpar is pale pink, the quartz scarcely milky, and 
there are occasional plates of white mica ; the veins thus showing all the 
minerals of the matiix. The quaiiz penetmtes tho felspar mach more 
than is usual in such aggregations. Two and a half niiles east and a 
little north, of Bücket^ Island, gi'anite belonging to the northern branch of 
the mass is again seen, but considei*ably reduced in breadth, and bounded 
on each side by highly altered Huix)nian. 

63. The Southern bmnch is seen furthcst south, about a mile South- 
west of Flag Island, in close conjunction with the Laurentian gneiss already 
descidbed, and is there reddish gi'oy and compact. It continues in a 
gereral north-eastwai-d direction for about three milos, fomiing in its course 
nearly the entire mass of Flag Island, and thon runs eastwaixi for a 
mile or two, and finally again takes a nortli-east coui'so and passes into 
the main mass. The southera pai't of Flag Island is composed of 
greenish-gi'ey and pinkish-grey syenitic gi'anite, oi' rather coarse grain 
and Bomewhat peculiar aspect. The feispar is greyish and pinkish, the 
quartz neai'ly ti-ansparent and colourless, and the mica and hornblonde 
black. This rock is ti'aversed by many veins und lenticular masses of 
compact, gi'eenish-grey i-ock of dioritic aspect, fine-grained and siliceous. 
It is pi-obably an impertbct granite, but much resembles the gneissic 
masses already described as occurring between the layera of greenish 
much-altered Huronian rocks. (§ 56). Somo of these veins run nearly 
in straight lines, with a genei*al coui'so of north-east and south-wxst, 
and though presenting much the appearance of strutiticd beds which 
hatl resisted the metamoi-phism Converting the suiTounding rocks into 
gi'anite; ai-e evidently intrusive dykes, and contain broken fragmcnts 
of the containing rock. The gi'anite here also shows small, irregulär 
pockets and veins of vitreous quai'tz. 

64. The northern part of Flag Island is composed of a compact pink 
granite. About a mile north-west, a similar red granite is again seen, and 
beyond this the rock becomes syenitic, changing lirst to a i'ed sj^nite, and 
then to a grey i'ock, which might be called a syenitic diorite. 

66. The main body of the intrusive mass, where cix)ssed about elcven 
miles east of the Angle Station, has a breatlth of about two and a half 
miles. Its noi-thera edge, in tliis place is composed of a pinkish granite, 

3d 
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voiy deficient in quartz, and tho mica of which is black andforms irregulär 
segregations in tho predominating felspar. It is travei'sed by several 
öyetems öf iiTeguhu» folspar, and quartz-felsparveins. Going Bouthward it 
changes to tf syenitic gi-anite, showing perfect felspai* crystals in a base of 
black Hornblende, the latter sometimee so much in exceBs, as to give the 
rock a very dark coloui*. Here alHO many masses of altered sedimentary 
rocks are included. Still fiu'ther south, red syenite of a granitic appear- 
ance occurs, and is traversed by feispar and quartz-felspar veins. In one 
place a grey diorite dyke hiniling N. 30° E. was obsei-ved, which from its 
appearance and course may possibly belong to the same series as those 
Seen in the southern part of Flag Island. 

66. Along its sonthern edge, and where almost in contact with the 
altered sedimentary rocks, the introsive mass seems to assume a still more 
basic character and darker coloar; being repreaented by blackish diorite 
of gneiHsic aspect, and grey syenitic diorite. In one place the sedimen- 
tary rocks were observed in clos^ proximity to the granite. The dip 
was found to be N. 25° W., or directly toward the intrusion, at an angle 
of 45°, the rock boing a haixl altered slatc, somewhat resembling the 
green altercd rocks s^en further south, but so mach changed as to 
simiilate a cleavable diorite. 

Isolated Area of Huronian Bocks. 

67. The area of altered rockt*, wlüch lies between the two westem 
branchos of the intrusive mass, is not sopai*ated by a great width of 
the latter, from the rocks of similar chai-acter to the north ; and as these 
have also similar directions and dips, the two may well be considered 
in connection. The most eastern portion of this area examiued, is 
composed of a hard gi*ey rock of gneissic appearance, but consisting 
mainly of qmu*lz aud homblende, and in some places passing to a 
distinct quartzite. It is then not so highly motamoi*phoscd as to 
obliterate the forms of the grains of sand, which are rather fine, and 
contain among them many hornblcndo crystals similai» in size. This 
rock is traverj«ied by many granite dykes, and by quartz-fclspar veins, 
which are newer than, and interscct them. It is probable that rocks 
bclongiiig to this area occiipy the greater part of the large bay between 
Euckctö and Fing IsIandK. An island in this bay, not fai* noi'th-west 
of Flag Island, is formed of tine grey hornblende or mica schist, dipping 
N. 29^ W. < 45. It is intersected by many red felspai* veins 2 to 3 feet 
Wide, and alsio by small seams of vitreous quai'tz ; both of which neai*ly 
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foUow the strike. Numerous crack-lines are also observable on weathered 
surfaces, and ran N. 10° W. Another iöland near this is composed of 
a similar micaceouH rock, which haß a dip of N. 40° W. < 60°. Aloög 
the north-west shore of Flag Island are numerous small rocky islets, and 
half Bubmei^ed rocks, some of which ai-e composed of black hornblende 
rock with large and numerous red feispar veins, while others ai'e of red 
and greyish granite. It is quite possible that in this paii; of the region» 
some beds belonging to the Laurentian series, may have been brought 
up in connection with the distui^bances due to the intrusion of the 
granite, and appear here with those, the true analogy of which is with 
the Huronian rocks to the north. 

Huronian Rocks North of the Intnisive Mass, to Ka-ka-ke-wabec, 

68. North of the granite mass, and reposing on its edge just east of 
Bücket^ Island, a gi*ey, gneiss-like, fine^j^ stratified rock appeai^s, dipping 
about north-north-west at angles of from 26° to 30°, and holding-— as 
is usual with the rocks in proximity to the gi'anite — ^many reddish veins, 
chiefly composed of orthoclase feispar. At a distance of two and a half 
miles eastward from this, and nearly in its line of strike, a similar rock 
occurs, and is again seen to abut directly on the granite. Its dip near 
the latter is N 20° W. < 45°, and it continues in a direction at right 
angles to its strike for nearly three-quarters of a mile, at which distance 
it was found to have a dip N. 5° W. < 35°. It is cut by many 
red feispar veins, and one dark hornblende dyke with neai'ly east and 
west course was observed. The rock, thongh close-grained and quite 
gneissic in aspect, and of a grey colour, is here evidently a much altered 
conglomerate of the kind abundant further noi-th, which has been called 
greenstone conglomerate. On weathered surfaces the original fragmenta 
are still quite discemible, fonning lenticular areas of coarser texture and 
lighter colour than the uniformly grey raatrix. 

69. Overlying this, and forming the islands opposite the southem 
bordor of the Small Promontory — which extends from the north shore of 
the Inlet about four miles east of McKay's Island — and also seen on the 
promontory itself, is an impoiiant series of quartzites. With the possible 
exception of those lying south of the granite (§56) these are the most 
extensive on the lake. It is quite probable, indeed, that the beds ropre- 
sented in both localities may be the same, and that the granite has 
merely separated them. The southera pai-t of the quartzite, in this 
place, is shattered and traversed by many rasty joints, but neai4y white 
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011 freshly fnuturcd suifaces. It has a stinke of N. 76® E., with a dip at 
an angle of 55° northward. The part on the mainland, north of thiß, is 
a very fino-gi*ained homogenoous gi'ey rock, of which the constituent 
partioles aie barely visible, and which includes small crystals of pyritea. 
It is Homewhat distoi'bed, but may be stated to have an average dip of 
N. 35° W. < 80°. Thiö qaai*tzite belt occiipies a width of about one 
thiixl of a mile, and unlefts unknown complications affect the sti*ata, most 
have a thickness of at least 1,600 feet. 

70. Five and a half miles west of this point, and in immediate juxta- 
Position to the northem edge of the granite ma88, a quartzite, so little 
altered that it might almost be called a sandstone, unexpectedly appeai's. 
It iH fino grainod, and grey in colour, and is penetrated by a dyke of 
griiniilite with qiiartz eeaniö, and Bniall included cryetals of molybdenite. 
It ha« a dip of S. 37° E. < 63°, or toward the gi'anite, but this is 
no doubt local, and diie to folding connected with the extrusion of that 
mass. It probably reprcsents the same band of quai-tzite as that last 
described, and if ro, the northem edge of the granite inms obliquely to 
the htrata to siujh an extent as to Cover or remove the whole of the 
westeni extension of the underlyi ng conglomei'ate seriös. 

71. In describing the details of roclcs of the remaining portion of the 
lake, the order of those beds seen along the shore of the mainland be- 
tween the Xorth-west Angle, and Hat Portage, will be foUowed. That 
part of the coast-line is laid down with sufficient acciiracy on the map to 
enablo pointa to bo fixed with some degreo of certainty. In discussing 
each well markod seriös of bods, it will then be traced eastward as far as 
my ob«ervation8 extended. The accompanying general section (Sect. 3) 
will be found of use in following the descriptions, but must be accepted 
an only accurate in a general way, as subordiuate intercalations of 
slates and shales, occuiTing among preponderating greenstone and oon- 
glomerate beds, have not been indicated. Indeed, where the rocks have 
suffered great metamorphism, as in the neighbourhood of the various 
granitic ma^ssos, it is exceedingly difficult to lay down precise boundaries; 
and such accui'acy could only be the rcsult of long and patient tracing 
out of well markod beds as datum lines. 

72. The rock immediately succeeding the last described quartzite in 
the Small Ih*oniontory, is a dark-groen crystalline homblendic material, 
with lainina» of chlorite. It might bo an eruptive i^ock, but rather seems 
to bolong to the «eries of greyish and blackish schists next in order, 
which, uu1cse5 ovcrlookod among the much alterod rocks a fow miles 
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eastward, has no representative there, and must run out in that direc- 
tion. 

73. North of thin, and forming the eastern point of the Sinall Promon- 
tory, hanl greenish and blackish hornblendic »polted rocks appear. They 
have a strike of N. 6t° E, and are vertical. Small ramifying epidotic 
veins occur, cutting through them in all directions. fiocks fidmilar in 
appearance^ also spotted, and much altered, ai*e again seen on the strike of 
these, in the bay to the south-west of the Small Promontory. They have 
a dip of N. 53° W. < 50°, and probably belong to the same series, which 
appearsto be one of rather fine-grained, but much altered conglomerates. 
These stand in place of the vast thickness of conglomerate rocks occur- 
ring to the east. The eastern part of the conglomerate belt apparently 
absorbs the slate band last refeiTed to, and by its great increase in thick- 
ness deflects noi'thward the next slate band, in ite eastern extension. 

74. At a distance of a little over fi^e miles fi-om the Small Promon- 
toiy, the conglomerate belt Covers a breadth of two and a half milcs, the 
angle of dip throughout being veiy high. Where ci'ossed fi-om south to 
north in that region, the component beds presentthe following lithological 
chai-acters and attitudes. — Hard gneissic altered rock, strike N. 80^ E. 
Hai-d altered conglomerate with some quai-tzite, stiike N. 79^ E. The 
two last species of rock are very frequently asaociatcd, and in some locali- 
ties, one even seems to pass into the other. Hai'd dai*k-grey rock, which 
resembles a quartzite, but has minute hornblende and mica cjystals deve- 
loped in it, and shows the fonns of original pebbles differing from the 
mati*ix in being felspathic. A little further north, grey highly altered 
conglomerate of gneissic api>earance. This continues for some distance, 
and then changes to less altered conglomerate with much siliceous matter 
in its composition, and gi'cy in colour. Strike N. 60° E., with a dip at a 
high angle to the south. This rock constitutes the northern edge of the 
conglomerate belt now in question. 

75. The eastem end of the next belt, which is of highly altered 
slate, runs into the fii-st bay north of the Small Promontory. It is not 
of gi'eat vvidth, and appears to naiTOW eastwaixl, where it bends 
northwai-d to pass round the convexity due to the thickening of 
the conglomerate belt just described. The eastern portion is a soft 
thin-bedded hornblendic schist, composed chiefly of black hornblende and 
white quai-tz, with but little feispar. It includes a few compact grey 
lenticular masses, which may have originally been i)ebbles, and seem to 
Ässimilate it to the conglomerate. At the place examined, it had the some- 
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what abnoimal dip of S. 25° W., and was nearly vei"tical. Abont six milea 
westward, what I believe to be the same bed, appeara as a soft fino-grained 
micaceous schist, brownish in coloiir and thinly cleavable. Dip S. 30** B. 
< 45^ 

76. The next band, which is composed of conglomerates and similar 
hard rocks, seems to be the cause of the point immediately north of the 
Small Promontory, and distant about a mile and a half f\*oni it. This belt 
mns north- westwai'd for some time pi^etty nearly parallel to the main 
shore, fonning an interruptod chain of large and bold islanda. At the point 
just mentionod, the rock is greenish and spotted, dip S. 23** E. < 60°. 
Half a mile further westwanl a hai*d greenish-black hornblendic i-ock 
occurs, which, though it raay be a contempoi'aneous diorite, shows spots 
which are apparently remains ofpebbles. The hornblende ciystals ai'e 
minutely acicular. Haifa mile still further west a similar i-ock is seen, but 
silica now so much preponderates that it might be called a hornblendic 
quaiiaite. Three miles westwai'd ft*om the point, the rock is a true "grecn- 
stone conglomerate," much disturbed, and showing a local strike of N. 
10° E. Six and a half miles noi'thwai'd and westwal^i ft-om the same 
place, the rock is again a typical greenstone conglomerate, hai-d and con- 
siderably altered and contorted, but with a general strike of N. 43° W. 
In one place a polished and glaciated horizontal section, shows what ap- 
pears to be the nose of a comprossed synclinalfold; a thin layer of conglo- 
merate imbedded in compact greenish altered rock, being bent i*ound at a 
very acute angle, The inner side is quite rongh and in^egulai* in out- 
line, as though representing the former upper surface of the brecciatöd 
material. A mile fm*ther north-westward, the rock is a hard, spottod, 
highly altered conglomerate, or greenstone. For about two miles, still in 
the same direction, greenstone conglomerate continues, with fi-agments 
larger or smaller, and often weathcring rough superficially. At the ex- 
treme northem edge of the belt, the rock is hard, green, altered, con- 
torted, and of spotted appearance, but gives an appi*oximate strike of 

N. br B. 

TT. North of the belt just described, an extensive saries of schistose 
rocks ifi found forming the north-western shore of the lake for a long dis- 
tance. Many of these are softer and less altered than any yet describod, 
but are locally hardened by the occurrence ofseveral minor masses of in- 
trusive rock. The rocks belonging to this series, probably form the shorea 
of the greater part of the second large bay north of the Small Promontory, 
though they were not actually observed there. Five miles north-westward 
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from the promontory, they are represented on a small island off the main 
shore, by a soft, green, chloritic schist with a strike of N. '70° E, and ver- 
tlcal. Aboat a mile forther westward, and opposite the mouth of the 
third large bay, the rock in a thinly laminated soft mica-schist, silvory on 
the faces, with adip of S. 58° E. < 70°. The same bed, a short distance 
ftirther on, fonns the high i'Ock called Picture-rock Point ; and ie there 
seen perfectly vertical, with its line of strike parallel to that of the shore. 
A large island lying behind the point, and within the mouth of the bay, 
shows much-altered greyish-green rock, abutting against an important 
gi'anitic mass, which gives off other minor dykes nearly parallel to its own 
direction. The altei-ed rock, has a dip of N. 42° "W. < '70°, and the gra- 
nite appeara pretty neai*ly to follow its strike. The granite has a rather 
deep i-ed colour, from its felsjjar, which is largely in excess. It is also 
homblendic, the homblende being black, and forming crypto-crystalline 
aggi'egations in the felspar. In its general appearance itmiich resembles 
Bome parts of the intrusive granite of the North-west Angle. 

'78. Picture-rock Point, is so named from the remains of Indian devices 
marked upon the broad flat surface of the slate in red paint. A mile north- 
west from it, the same thin-bedded bright slate, still fonns the shore, the 
direction of the strike and that of the coast-line nearly coinciding. Two miles 
from the same point, and still nearly on the same geological horizon, is a 
finely laminated greenish-gi-ey talcose schist, lying very straight and even, 
vertical, and with a strike of N. 58° B. Three and a quarter miles fmm 
Picture Point, and still following the shore, the rock is a gi'ey altered 
slate, vertical, and with a stinke of N. 55° B. Beyond this, for a short 
distance, greenstone is seen, but it is not veiy clcar whether it is intru- 
sive, or contemporaneous. A mile beyond the last locality, a rather 
massive quartzite comes out on the shore, dipping S. 23° E. at an angle of 
55° in one place, but generally nearly veiücal. It appai*ently underlies 
the schists and slates just described, but no rock precisely resembling it 
was Seen in any other part of the lake. It is very pure, translucent, light 
greenish-grey, with occasional thin fibrea of chloritic matter. It weathers 
a dead white, and is traversed in the bed by innumerable joints and seams. 
Beyond this the slates become considerably altered, from proximity to in- 
trusive masses and dykes, which are about on the same horizon as those 
described in Picture Point Bay, and may continue behind the line of the 
coast to this place. The rock is here, however, a rather impcrfect granite, 
grey in colour, with i-ounded white felsjoar crystals, and small cubical 
crystals of iron pyritos. It resembles the intrusive mass of Ka-ka-ke- 
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wabec lying to the northwai-d. A short distance fui'ther westwaM, on 
an Island, a dyke of sirailar matenal, also grey, and with pyntes crystals, 
and a largo excess of whitish feispar, occura. It traverses a hard green 
altered rock, with a course of N. 63° E., and probably foUows the strike. 
Two miles westward front the first appeai*ance of the intrusive rock, it is 
again seen, and is a whitish granite, with rather lai*ge black mica crystals. 
It cuts through a soft dark-gi*een chlontic slate, with a strike of N. TT** • 
E., which the intrusion follows, though ii'regular and lenticular. 

79. Furt her north, and apparently underlying the last, is a hard close- 
grained slate, with rather irregulär cleavage, and a strike of N. 75° E. 
Beyond this, the rock continuos to be highly altered, and of a dai*ker green 
colour, the strike being somewhat obscui'e, but generally nearly east and 
west. A milo and a quarter south of the southeni end of Ea-ka-ke-wabec, 
the i'ock is liaixl, green-grey, felspathic, and i-ather coarse-grained, with 
scales of talc. Strike N. 80° E. Noxt this, on tlie north, is a belt of 
thin-bedded and finely cleavable slate, greenish-grey in colour, and 
chloritic or talcose. It dipa N. 6° W. < 80°, a position which appears 
to indicate the northern side of an anticlinal, the axis of which must run 
nearly east and west. This is further confinaied, by the raappearance of a 
rock precisely similar to that last described . Beyond this, to the north, is 
a hard much-altered greenstone conglomerate, with a sti-ike of N. 72° E., 
and on edge. The thickness of this bed is not cleai'ly shown, but it cannot 
be very great, as it is immediately succeeded by a much altered rock, 
probably not a conglomerate, in which a good deal of pale-gi'een hora- 
blende is developed, and which haß a nearly vertical attitude with a stinke 
of N. 55° E. The naiTow belt of conglomerate was not noticed on the 
south side of the anticlinal, but my obsei'vations tend to prove that these 
rocks ai*e only locally constant. 

Intrusive Mass of Ka-ka-ke-wabec Island, 

80. The continuity of the strata is here interrupted by the important 
intrusive mass of Ka-karke-wabec Island. The southern point of the 
Island is high and clifP-like, and forms the eastera side of the narrow and 
picturesque passage separating it from the main shore. The rock 
is there a gi*anite, quite similar to that last described, and with small 
cubical crystals of pyrites. It continues to oocui* north ward, on the west 
shore of Ka-ka-ke-wabec, for nearly a mile ; but changes its aspect some- 
what, becoming in some places a greyish-red hornblendic granite, and 
inchidiug large masses of highly altei'ed siliceous slatcs, the stratification of 
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which is qnite obliterated, and which indeed often resemble dioi*ite from 
the coarsenesB of their ciystallization. This zone of intinisive rocks, may 
run eastward a long way, and probably forms the nucleus of the chain of 
largo islandn which here extend aci'OBS the lake, bat ai'e not correctiy 
represented on the maps. This supposition is confirmed by the circum- 
stance that the northern shores of these islands are composed of soft and 
fissile rocks, which could hardly have held their ground unless so 
supported. 

Huroman Bocks from Ka-ka-ke-wahec to Hat Portage. 

81. The north end of Ka-ka-ke-wabec Island, is composed of rough 
green chloritic rock, not showing any appeai*ance of excessive altei'ation, and 
forming the southei'n margin of another extensive belt of schistose strata. 
The comparatively small distance to which these rocksare altered, noilh- 
ward fi*om the intinisive mass, would almost lead to the conclusion that 
they have been braught into contact with it by a fault, nearly foUowing 
its northern edge. The next rock observed, which occupies a position 
somewhat infenor to the last, is a chlontic slate, of inisty appearance, 
caused by the weathering of dolomite, with which it is minutely inter- 
leaved. A short distance north of this, near the main shore, is a soft 
thinly bedded talcose schist of a gi*ey-green coloui*, almost nacreous in 
places, and including particles of dolomite. It has a strike of N. 88^ E., 
and is vertical. A mile and a half west, and nearly on the same sti-ike, a 
similar thin-bedded talcose schist appeai*s, again showing traces of dolomite, 
and on edge. North of this, and about a mile north of the eastern end of 
Ka-ka-ke-wabec, is a somewhat micaceous schist, with greenish-white 
felspar, like all the rocks in this part of the lake, vertical. Strike N. 85^ 
W. Near the horizon of these schists, and aboat a mile south of Lacrosse 
Island, is a whitish thin-bedded talcose slate of rather remarkable aspect. 
Strike N. 82° W. Passing northward from this toward the south end of 
Lacrosse Island, the rocks, so far as could be ascertained from an 
examination of the islands, were: — Thin fine-bedded chloritic schist, 
including lenticular masses composed of dolomite and quartz, round 
which the layersof rock bend — ^vertical, strike N. tt® E. The rocks here 
bear the appearance of having been intersected, while still nearly 
horizontal, by jointage planes at right angles to the stratification, and 
cutting it neatly ; which, now that the beds have been folded through an 
angle of 90°, produce on weathering, in some places, almost perfectly 
horizontal areas. These are as smooth as though subjected to the action 
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of glacier ice, bat that they have not been produced in this way, is evi- 
dent, as a rounded and glaciated surface may sometimes be seen peeling 
off ander the action of the weather, and ezposing the subjacent plane. 

82. Here a fi-agmentot'dolomitic limestone, 2 feet 6 inches in greatest 
diameter, was found, being the only limestone boalder obsei^ved in the 
whole northern part of the lake. It did not ap])ear to have travelled far, 
and diifers mach in character fi-om those subseqaently to be mentioned 
as occuring in the southem part of the lake ; being haixl, coai'sely crys- 
talline, highly magnesian, and weathering to a deep-brown colour. It 
mach resembles the dolomites found in the Bastern Townships of Qaebec 
in association with the altered rocks there; and such limestones may 
very probably occur inter-bedded with the dolomitic schists already 
described, bat in parts of the series, which from their more readily de- 
composable natui'e, are generally concealed by water or overgrown by 
woods. 

83. North of this on a small island, a rough greenish schist appears, 
spotted where weathered, and having a striko of N. *75° E. It is in contact 
to the north with a thinly cleavable nacreous schist, minutely undulating 
and of white and reddish coloura. Another small island nearly on the 
same line of strike shows a rough, green, and rather hard chloritic schist ; 
dip N. 5° B. < 55^ 

84. Lacrosse Island, so-called on Dr. Bigsby*s map,* and deriving its 
name from the fact that some parts of it are level and open, and have been 
used by the Indians at one time, for this, their favourite game, lies about 
nine miles south of Hat Portage. Its extreme south-westem point is 
composed for at least 100 feet of dark-coloured diorite, rather fine-grained, 
and with little segregations of epidote where in contact with the slates ; 
bat coarser and porphyritic at some distance from them. The line of 
janction with the stratified rocks is vertical, and runs very straight, with 
a coarse of S. 25° E. North of this, for nearly half a mile, the westem 
shore is composed of very thinl}'^ cleavable schists, whitish and greenish in 
tint, and thoagh regularly bedded, minutely undulated throughout ; strike 
N. 58® E., dip northward < 88°. The shore for about a mile, is then 
occupied by greenstone conglomerate and associated rocks, forming a 
belt, with a breadth of about half a mile across the stiike, which was 
observed to be N. 46° B. at the southem, and N. 78° E., at the northern 
edge. The rocks are hard and compact, and though brealdng with a 

* OftUed hf the IndUuu Piirg«-t»-«a>inini8, 
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rongh surface, the fracture passes indifferenllj through pebbles and 
matrix, as do also the jointage planes of the i-ock. It is only on a 
weathered surface that the structure is plainly apparent. This belt of con- 
glomerate was not observed westward, in the vicinity of the main shore 
of the lake, and if it does not thin out altogether before reaching that 
place, is probably but feebly represented. It is possible, however, from 
the attitnde of the strata to the north and soath of this mass on Lacrosse 
Island, that it may be brought up on the ridge of an anticlinal, the axis 
of which dips away westward. The rock succeeding this northward, 
and forming the noi*them part of the island, is a whitish, somewhat 
nacreous schist; which, if the last supposition is correct, must represent 
that forming the southem part. 

85. The band of slates lying north of the Lacrosse Island conglome- 
rate, was seen also in several places along the main shore, and neighbour- 
ing islands lying to the north>west. The southern part seems to consist 
mainly of soft green and greenish chloritic schists, which are peculiar in 
weathering rough, and showing pitted surfaces. These schists were fonnd 
to have in one place on the mainland, a strike of N. 43° E., vertieal, or 
with a high dip north-westward. They are succeeded to the north by 
whitish and greenish thin-bedded silvery schists, and the most northem 
part of the belt there examined, consists of chloritic, but rather hard, 
green schists, with small intercalations of dolomite. The same belt, 
where crossed a few miles eastward, among the islands north of Lacrosse 
Island, appears to be much more altered, wherever exposed to view. It 
is probable, however, that as this is an open reach of the lake, the greater 
part of the softer beds has been removed. Immediately beyond the 
north end of Lacrosse Island, a small island shows hard whitish schistose 
rock, with some greenstone conglomerate. Strike about N. 48° B. 
vertieal. Many parallel crack-marks appear, having a oourse of N. 
80° E Half a mile funher north, a second Island shows hard gi*een 
altered rock, with a probable strike of N. 35° E. Still further north, and 
near where the dolomitic zone seen on the mainland should pass, 
according to the strike, a hard green altered rock appears. 

86. This schistose beltis defined northward, on the mainland, by a bed 

* 

of conglomerate which comes to the shore at the end of the large point, 
which, a mile or two north of Lacrosse Island, constricts the width of the 
lake to about two miles. It resembles a breccia, the fragments being of 
all shapes, and varying much in size. They are mostly of quartzite, and 
imbedded in a greenish chloritic base. It dips N. 1*7° W., at a high 
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angle. This rock was not observed on the east aide of the lake^ bat may 
very possibly be repreeented ihere. 

87. North of this, another extensive belt of slate rocks crasses the 
lake, but the strata in this region are not regulär, and it iß diffieult to cor- 
relate the beds except in a general way. The first rock observed beyond 
the conglomerate, on the west side, was a close-grained grey schist, witb a 
strike of N. 55^ E. A mile beyond the conglomerate, similar schistose 
rocks were observed, and again vertical. Bough, green, and rather soft 
chloritic schists then appear, and are the predominant i'ocks tili within 
aboat half a mile of the north-west end of the lake. On the eastern side 
of the lake, near where the strike of the last-mentioned greenstone would 
bring it to the shore, and probably in immediate proximity to its continu- 
ation, is a hard green altered rock,with epidote and quartzose segrogations, 
and no determinate dip or direction. North of this, thinly laminated 
green chloritic slates occur. '^Among these, on an Island aboüt three 
miles sonthward from the Hudson's Bay establishment at Bat Portage, a 
vein a foot or two in width was observed to pass, apparently conforming 
with their strike. The vein-stone was white, but had the appearance on 
the surface of being stained by the decomposition of some ore of copper. 
It was, however, too boisterous to land with the canoe at the time. 
Northward, similar rocks continue, but become harder. A mile from 
the Hudson's Bay Post, they were observed to have an east and west 
strike and to be quite vertical. About half a mile south of the Post, 
there is a somewhat extensive belt of greenstone-like rocks, which, 
though conglomeritic in places, do not show that character persistently, 
bat appear to graduate into compact homogeneous diorite. This belt 
seems to cross the lake just south of its exti*eme northem shore, and to 
strike into the western side, immediately south of the entrauce to Eat 
Poi-tage proper. There its rocks occupy a breadth of perhaps half a mile, 
and are separated from the Laurentian by a belt of slaty rocks of abont 
the same width. On this side they appear as compact dionte, but show 
cleavage planes, and i'esemble the sometimes conglomentic gi-eenstone of 
the west shore. 

Qeohgy of tJie Vicinity of Rat Portage, Junction of tke Huroman 

and Laurentian. 

88, The Winnipeg Hiver, on leaving the Lake of the Woods, fklls 
into an elongated basin, which lies transverse to its general dii*ection and 
Stretches westward nearly parallel with the shore of the lake for some 
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diBtance. The river and lake are only separated hy a comparatively nar- 
row ridge of rock, through which there are three gaps. The fbrthest 
west, or Bat Poilage proper, doos not carry any water; the second or 
middle gap, is that of the Eat Foi*tage Bapid^; the third or east one, 
near the Hudson'» ßay Fort, that of the Eat Portage Fall. (Plate 2.) 

89. A band of slaty rocks, with an average width of about half a mile, 
separates the greenstone-like series last described, from the Laurentian. 
Its lowest beds were seen just north of the greenstone, two and a quarter 
miles westward from the Hudson's Bay Post, and at the enti*ance of the 
Channel, which leads to Bat Portage proper. The rock is a very fine- 
grained micaceo-hornblendic schist of a dark colour, and quite hard; 
vertical, with a strike of N. 65** E. Entering the river-like inlet, which 
leads noHhward and then westward to the Portage path, similar rocks 
are seen, but rather darker and more homblendic. They appear to have 
a high northerly dip. The portage, from the waters of the lake to those 
of the river, at this place is not moi'e than 150 yards long. The southem 
end of the path passes over Huronian rocks, which may be described as 
consideittbly altered slates, chieflly hoimblendic, greenish-black in colour, 
crypto-ciystalllne, and silky in lustre. At the water*s edge, — whei'e they 
are wem smooth by the feet of the voyageurs of old time, — ^they were 
fonnd to be vertical, with a strike of N. 75° E. About half-way across 
the Poi-tage, and at its highest part, the i-ocks dip N. 17® W. < 48°, and 
are then immediately sucoeeded by Laurentian gneiss, which is granitoid, 
and of a light pinkish-gi-ey colour; dip N. 30° W. < 89°. The junction 
is so dose that one may actually lay the band upon it, and the separating 
line is i-emarkably straight and even. Followed about one hundred 
yai-ds westwaixi, it was found to preserve the course of S. 67° W., or 
nearly that of the strike of both series of rocke. The gneiss at this 
distance, has a strike of N. 72° E., and the gi*een slate, just across the 
line of junction, and only a few yards removed, N. 73° E. 

90. About a mile eastward fi*om the entrance to the portage, the lake 
finds one of its exits by a passage at right angles to its shore, down 
which the water flows over a fine series of rapids. At an Island opposite 
this opening, the same greenish hornblendic schist occurs, fine-grained, 
and sometimes almost chloritic in aspect, as before. A long poi-tage on 
the eastern side of the rapids leads to the Winnipeg Eiver, and a consid- 
erable breadth of very haixl coarse-grained green diorite is exposed, 
which has not the aspect of any of the altered rocks seen in the vicinity 
of the lake. It has all the character of a mass intruded along the line of 
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junction of the gneiss and green slates, though its actaal contact with 
either was not Been. 

91. A mile still further eastward, at the extreme north-eastem 
Corner of the lake, the Winnipeg River, may be said to begin, in a bold 
cascade, which falls north wai-d, across the junction of the Lanrentian and 
Huronian series, through a naiTow passage between rocky clifis. At the 
fall,^the rock is quite similar to that seen at Rat Portage proi)er, being a 
fine-grained, homblendic slate, much haixiened and of greenish colour ; dip 
N. 10** W. < 45°. Just below the fall, the i'ed gneiss again suddenly appears 
with a dip N. 18° E. < 78°. The line of junction of the formations obtained 
by protracting that at the fall, to that at Rat Portage proper, coincides 
remarkably with that already obtained by Observation on a more limited 
Scale at the latter place^ and foUows the summit of the ridge which 
separates the river from the lake. A rock quite similar to the erup- 
tive greenstone seen at the rapids, is again visible at the entrance 
to the gorge of the fall. If it really belongs to this mass, it must toward 
the eastern end depai't somewhat ft-om the actual line of jimction, and 
may possibly attain this position by following the strike of the slates. 

92. Notwithstanding the close accordance of the strike of both series 
of ix)cks, and the direction of the line of junction, the evidence appears to 
be nearly conclusive, that the two fonnations are here brought together 
by a fault, with an extensive downthrow southward. If they are thus in 
contact merely by sharp folding, the relative position must be reversed, 
as the dips would carry the slate series below the gneiss ; and it is diffi- 
cult to imagine such extensive flexures taking place without imparting 
a yet more highly altei'ed aspect to the schists than that which they now 
have. The straightness of the line, and the sharp sepai'ation by it of 
the two kinds of ix)ck, also points in the same direction. 

93. The change in aspect of the country to the north and south of this 
great fault, is very sudden and striking. Southward, the shores of Clear- 
water Lake are generally characterized, — where not caused to assume 
unusual boldness by hardening eruptive rocks, — by low, gently-rounded 
rocky hills, which in their natural State bear a good growth of ü-ees. 
These hills, even when they have been bumed over, retain a sufficiency 
of soll to cause the re-appearance within a year or two of a dense uuder- 
growth, givingthem a uniformly green aspect from a distanc«. North 
of the fault, the Lauren tian rocks form a succession of boldly roundedand 
tumultuous hills, showing a great sui'face of bare rock, which may never 
have been covered by trees, but which more probably has had forest and 
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what peaty soll Bupported it removed at once by fire. These hüls also 
appear of light whitish and pinkish coloai*8, even from a distance, and 
conti*ast remarkably with the sombre aspect of the slates to the sonth. 

General Distribution and Ättitudes of the Bocks. 

94. From the evidence of the foregoing detailed observations, and that 
which I have been able to collect from other sources, I am inclined to 
believe that almost the entire southem division of the Lake of the Woods, 
known as Sand-hill Lake, covei-s rocks of Lanrentian age, with the possible 
exception of the extreme south-western part, where Upper Silurian lime- 
stoDe may exist. The evidence concerning this formation will be more 
fuUy stated in reviewing the drifb deposits. The isolated area of 
Huronian, sonth of the North-west Angle granite, may however, as already 
mentioned, extend farther soathwai*d than supposed. From Dr. Bigsby's 
map, the extreme eastem arm of this pai*t of the lake, sonth of Turtle 
Portage, appears to be much complicated, and may also probably include 
some beds of the green slate series. 

95. The general direction of strike of the Lanrentian wherever it 
appears on the west side of the lake, is nearly east and west. Toward the 
extreme south of the lake, the few knolls which rise above the sorface, 
show a tendency to north and soath stinkes, and veHical ättitudes. North 
of Bainy Biver, these rocks run generally east and west, or east-south-east 
and west-north-west. Similar directions chai*acterize the rocks of Bigsby 
Island, while those of the northem Islands, and shore of the district of 
Shebashca, show beai'ings fi-om a few degrees north of west, to north-west 
and south-east. The Lanrentian rocks at the North-west Angle, and 
west of it on the road to Winnipeg, have general north-east by South- 
west, or east-north-east by west-south-west bearings. 

96. The Huronian iXKsks, though conforming to easterly and westerly 
directions in the vicinity of the granitic masses of the Angle, when fol- 
lowed northward, are found to take a north-north-east direction and 
neai'ly vertical attitude, which they retain in a general way as far as Eat 
Portage, with the important exception of the rocks in the vicinity of 
£a-ka-ke-wabec, which, for a considerable breadth, run neai'ly east and 
west. The rocks for some distance southwaixl from Bat Portage, also 
show a tendency to tum north-east and east-north-east. The forces 
acting at right angles to these directions have been very great, and the 
rocks of this series ai'e almost everyivhere on edge ; and though probably 
repeated several times, the evidence of synclinal and anticlinal folds has 
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been almost obliterated. The conglomei*ate beds, however, north of the 
great granitic mass, have a general dip north ward at comparatively low 
angles, for some distance; the Houtherly dip at their eontact with the 
granite, shown in the genei*al section, being quite local. A well-marked 
synclinal axis appeara to lie immediately north of the Small Pro- 
montoiy, and to have a direction of east-north-east. There is aleo Bome 
ovidence to show the existence of an anticlinal axis, which would Htrike 
the main »höre aboat a mile south of £a-ka-ke-wabec, and have a nearly 
east and west coorse. From the attitudes of the rocks, and fi'om the ro- 
currence to the north of Laci*os8e Island, of slate beds characterized 
by small quantities of dolomite, and resembling those seen north of 
Ka-ka-ke>wabec, it is further probable, that another anticlinal axis 
i*uns north-eaat through the former. Besides these, however, thei'e must 
be many folds not to be discovered without a minute topographical and 
geological study of the whole lake ; and it is even possible that ovcr- 
tomed folds may oeem* without their existence being suspected. 

9*1, Two great series of movement» seem to have conspired to give 
foiin to the rocks of this region, both of which appear to have been post- 
huronian in date. The first of these apparently produced folds which 
wei-e not of a veiy abrupt character, but involved great breadths of strata; 
and which run in a general courne a few degi*ees north of west. The gi^eat 
masses of intrusive granite are probably closely connected with this series 
of distui'bances, and are nearly parallel to the axes of the folds. These 
granites intei-sect inditferently rocks of Laurentian and Huronian age, and 
ai-e consequently postroozoic. The Huronian rocks of the vicinity of the 
North-west Angle, are — ^as already fully stated — much altered by thoee 
gi*anitic outbursts ; and by the superior hardness due to this altemtion, and 
possibly also the support of the granitic masses with which they are in 
eontact, they have been able successfully to resist the subsequent violent 
north-north-east and north-east folding ; — flexure in these direc^tions at the 
same time affecting the softer remaining portion of the Huronian, and 
bringlng^em up to a vertical position. These hardened rocks conse- 
quently now show comparatively moderate dips, and east and west strikes 
dependent on the previous disturbance. This arrangement will be clearly 
seen on an inspectioo of the smaller section, (Sect. 2) the neai-ly veiücal 
rocks at the northem end of which, are the first of those which extend 
with similar attitudes to Bat Poi-tage. 

98. The chain of largc islands strotching northwaixi from near Bainy 
Eiver, though composed of Laurentian i^ocks only, is nearly parallel to 
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the folds of the Huronian rocks in Clear-water Lake ; and is probably dne 
to an nplift of hard lower gneins i*ock8 by action at the second period, 
sabsequent to that which haa Lere been the chief agent in folding the 
Laorentian strata of this part of the lake. 

99. Flexures coiTesponding pretty closely to those above indicated, 
are found afitecting Lauren tian and Huronian rocks at very distant locali- 
ties. Sir W. E. Logan, in speaking of the Laui-entian of the Ottawa region, 
says : — " The arrangement presented by the outcrop appears to depend 
on two setB of undulations, the axis of the one running in bearings ap- 
pi-oaching north and south, and of the other in bearings nearly east and 
west, the latter apparently related to the oldest system of dykes. The 
north and south undulations api)ear to be the more important and more 
nnmerous of the two, giving to the line« of outcrop in that direction the 
greater number of i'epetitions and the longer Stretches. For about twenty- 
five miles from the Ottawa and North Rivei-s, the bearing of these axis is 
about N. 10° E.*'* Mr. Henry G. Vennor, in discussing the general rela- 
tions of the Laurentian in the Ck)unty of Hastings and vicinity, in Ontario, 
remarks : — " The geographica! distribution of these rocks shows a series 
of north-east and south-west undulations, throwing the upper division into 
long narrow troughs in these directions. These undulations are crossed 
at irregulär intervals by goological elevations which separate the ends of 
the troughs, and by depressions which unite their sides." f The latter, 
on reference to bis map of the district, are seen to have north-westerly 
courses. The rocks of supposed Hui*onian age which are now being found 
by the Geological Survey among those of Laurentian date, in widely 
separated localities, also run in belts with general north-east and south- 
west bearings. It would thus appear, that the disturbances aftecting the 
Laurentian and Huronian formations have notonly been very violent, but 
very uniform in their action over a great extent of countiy, and indeed 
to have operated on an almost Continental scale . 

100. The granitic mass of the North-west Angle and vicinity, which, 
as already mentioned, is of post-hui'onian age, if itruns eastward through 
the promontory separating Clear-water and Sand-hill Lakes, as suggested 
by Dr. Bigsby, probably closely follows its northern edge ; as in treating of 
this part of the boixler of the lake, Dr. Bigsby mentions several districts 
of five or six miles in length each, showing a rock resembling syenite. 
This term might well be used in describing large areas of the mass where 
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I have Seen it. It may probably in this case cut the eantei-n shore of 
Ciear-water Lake at Eed-cliff Bay, where the same authority indicatos 
the exiötence of a considerable breadth of syenitic-greenstone and granite. 
The direction thus indicated for the extension of the intrunive granite, 
a^pears to be further confinned by the exceedingly even contour of the 
sho]*e as öhown on tho map, a feature which in other pai*t6 of Üie lake is 
found to arise from a parallel band of hard altered, or igneooa rock ; and 
which, in this case, has maintained itself againtit the prevalent direction 
of glaciation. li would also agree with the genei*al course of the mass 
where last seen to the eastward, and with that of the fold in the sedi- 
mentary rocks, which it appeai's to foUow, The granite resembles in 
appeai*ance that doscribed as cutting through typical Huronian and 
Laurontian rocks on Lake Huron.* 

101. Though the complicatcd structure of the röcks in the vicinity 
of the Lake of the Woods, rendera it impossible to give a detailed section 
of the formations there exhibited ; an approximate ' idea of their 
ai*rangement may be obtaincd. The Laui*entian formation appears to be 
represented, fii*st, by a great thiekness of granitoid and thick-bedded 
gneiss, generally pinkiah or reddish in tint, and chai*acterized by ortho- 
clase feispar. This pnsses upwai*d into thin-bedded gneisses, auid highly 
ciystallino micaceous and hornblendic schiste, often more or less epidotie. 
The Huronian rocks ai^e much more variable in character, but the lowest 
beds appear to be those Vepresented south of the North-west Angle 
granite, and ai*e, for tlie most part, haixi green rocks with little trace of 
stratiücation, but hold some well stratified micaceous and chloritic schists, 
and also the imperfectly characterized gneiss already refeiTed to. 
(§ 56-57.) On these rosts a veiy great thiekness of massive beds, 
characterized by the predominance of conglomerates, but also including 
quartzites, and compact dioritic rocks. Above these is an extensive 
series of schistosc and slaty beds, genei*ally more or less nacreous, and 
chloritic or talcose ; but often hornblendic and micaceous. They include 
also someconglomerate, quai*tzite, and diorite beds; but how often these 
recur, or on what horizons, it is as yet impossible to say. 

Lithological Charactir and Age of the so^alled Huronian, 

102. The rocks spoken of throughout as Huronian, show consider- 
able resemblance to the typical series of that age, as described on 
Lakes Huron and Superior, but diifer markedly in some points. They 

* Qeology of Cuuida., p. 68. 
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also resemble those of the Quebec group, as developed in the Province of 
Quebec, bat do not, bo far an known, hold serpentines in the region now 
in question. 

103. The congloraeratos have been already fully described as to their 
distribntion ; they muRt occur at several different horizons among the 
slaty rocks, but cover the greatest breadth at the narrow part of the lake 
north of the Angle Inlet. The particular senes there shown must be 
of immense thickness, and appears to gi*ow thicker when followed east- 
ward. A similar tendency to increase in impoi*tance eastward, was 
observed with other beltö of these i'ockß, in different part« of the lake, 
and agrees with their general inconstant character. 

104. Perhaps the most iwnal form of the conglomerate is that which 
may appropriately be designated 8late Conglomerate, The whole rock is of 
a green colour, varying between the tint of epidote and that of the lighter 
shades of homblende, and possibly in some instances due to a develop- 
ment of both minerals, though, generally I think to the latter. Where 
a good weathered Burface is exposed, the rock is seen to consist of nu- 
mei*ou8 fragraents of irregulär shape, which in appearance resemble the 
harder parts of the associated slate rocks. These are imbedded in a matrix 
composed of similar compact groen material, and joints — ^which are fre- 
qnent in some localities — cut evenly through both. On afreshly broken 
surface no clear distinction appears between the fragments and the en- 
closing matenal, and the rock only differs fi^om the more compact altered 
schiöts and slates in its rougher surface of fracture, and a somewhat 
spotted api^earance. 

105. Another form of the conglomerate, which has been called by Dr. 
Bigsby and others Greenstone Conglomerate^ appears to consist of roughl}^ 
fi-actured pieces of somewhat crystalline diorite, the whole enclosed in a 
dioritic paste, similar in colour. The fragments in this species are often 
larger, and the ix)ck they compose is very com2)act. A thii'd variety con- 
sist» largely of quartzite and quartzose rocks, angular fragments of which 
are found imbedded in a greenish mass, or sometimes in a base also ap- 
parentlj' of quartzite and of gi'ey and greyish-green colours. 

106. The whole of these rocks appear to be uncei-tain in their exten- 
sion, and one is sometimes found replacing another seemingly in the 
same strike. They are associated generally with compact dark-coloured 
dioritic beds, which do notshow any fVagmentary appeai*ance, but which 
are not so coarse in texture as the well characterized intrusive diorites. 
The quai*tzites also sbow a t^ndency tbroughout this region to run witli 
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the conglomerates. ^The conglomerate rocks, havo as a whole mach the 
aspect of volcanic breccias, such as those founa in association with the 
oldor Silurian series in Wales and Ciiraberland ; and volcanic action would 
appear to öfter the raost reasonablo explauatlon of their origin and dis- 
tribution. Their aasociation with the greenstone-like betl«, would also then 
be explicable, as the ejection of rock fragments and lapilli, woiüd pi-obably 
bo accompanied by the outflow of molten rock in the same neighboui*hood; 
or many of thewe layei*» may have originally been ash-beds fonned of 
the finer dotritus from volcanic vents. The material of these, having been 
at onc tiuie in a state of fusion, would have the chemical composition 
of liornblendo, pyroxene, felspar, &c., and would yield more readily 
to a subsequent metamorph ism than the sui*rounding beds of detritus 
fonned by aubierial weatheriug and transported by water, and from 
which a gi'eat pai*t of the basic constituents had been i'emoved. These 
rocks and tho conglomerates, which have been united under the dark- 
green colour in the appended general section because of their associa- 
tion, woukl in this case be properly cla^sed together fix)m their similar 
origin. 

lOT. A point of difterence between the i-ocks of this series, and those 
of somo partöof the typical Hm-onian of the localities already mentioued, 
is the ontiro absence of fragments of the underl3?inggranitic and gneissic 
beds in the conglomerates and breccias. Fragments of their reddish 
felspars do not oven occur among the quartzites, nor ai-e rocks of reddish 
tints, such as might arise from their disentegration found. This is a 
remarkable fact, and might seem to indicate that the Laurentian had not 
suffered much motamorphism before th« formation of these rocks, and 
consequently that they are older than the true Hiironian. The appear- 
ance of conformity with the Laurentian, of the rocks of this and other 
similar, but widely separated areas; and their resemblance to some rocks 
doscribed as Laurentian in Hastings County, and elsewiiere, would 
appear to point in the same direction.* 

108. The absence of altered Laurentian rocks in the composition of this 
series may, however, be supposed to ahow that their formation took place 
at a period subsequent to that of the typical Huronian, but before the vio- 
lent ditstm*bances which bi*ought lai'ge areas of Laurentian again ander the 
influence of denudation ; and that their material was almost wholly de- 
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rived from tho dogredation of comparatively unaltered Huix)uian rooks. 
Prom the occniTence of nacreous 8chi»t8, and othor points of resemblance 
to the i-ocks of the Quebec gi'oup, tho latter supposition may probably 
pi"ove to be the correet one, and these rocks bo classed aa neiu'er in ago 
to the Quebec group than the tnie Hui-onian. Mr. Selwyn, in ti-eating of 
»imilar rocks explored by him north-west of Lake Superior, writcs : "As 
rei^ards the age of these so-called Hui'oniau rocks, the evidence is not of 
the most satiHÜictory kind. Whlle stratigraphically they rest directly 
upon highly ciystalline and typical Laurentian gneisses, mineralogically 
theyresemble as closely the chloritic, epidotic, and diontic strata of tho 
altered Quebec group, as they do those v?hich on the shores of Lakes 
Hui'on and Sui^erior are referred to the Huronian series." * All that can 
be definitely said with ragard to the age of these rocks in the region of 
the Lake of the Woods, taken by it^elf, is that they are nower than the 
typical Laurentian, there largely developed, and older than tho little 
altered and nearly horizontal Lower Silurian limestones of Fort Garry 
and Lake Winnipeg. 

109. Numeroas localities present opportun! ty for tho study of tho na- 
ture of metamorphism experienced by the rocks of the green slate seriös, 
when apj)roaching intrusive masse.«. The chloritic, talcose, and nacreous 
slates, are observed, when neaniig such a centre of alteration, to bocome 
harder and less finely fissile, and to a^sume groen and grey-gi-een coloui-s 
from the formation of ciypto-crystalUne hornblende, and possibly also of 
epidote. They next become still hai-der and more compact, changing to 
a green altered ixKik, characterized by hornblende, and in whieh tho ori- 
ginal bedding can sometimes scarcely be distinguished. Where imme- 
diately in contact with the eruptive rock, this is generally still fm'ther 
changed to a gi*ey soft gneins, by the appearance of mica in placo of 
the hornblende. The conglonierates generally show a tcndcncy to pjws 
from hard green altercd rock, to rocks of a* roughly gncibsic charactcr, 
which still exhibit remains of the component fragments on fractured 
surfaces. 

110. A table showing the character and directions of all the dykoi? and 
intrusive raasses is appended. The granitoid gneisses and intriisive gran- 
ites are universally cutby veins of red orthoclase feispar, aysociated with 
white quartz . These appear to be true scgregation veinH, formod by a 
re-arrangement of the materials of tho rocks themselves in cracks, geuer- 



• lleijort of Vroffnab G«oI. Surv. Canaila., 1872-7a. 
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ally irregulär, and with no very determiuaie direction. They ai*o aläo 
common umong hornblcndic and altered rocks 8nnx)unding the intmusive 
masses ; and the latter, in such places, ai*e probably not -fai* below the snr- 
face, and have »applied tho materiab filling the veins. They have boen 
scen to cut acroäs granitic dyke», which ai-e pi*obabiy outlying spurs 
of the main ma^seH. The gmnite and granitoid rockn of the southorn 
part of the lake were also obsei-vod to be penetratcd by the very 
large C()ai>je-grained diorito dykas already described. These were 
not suificiontly well ox^wöed to Warrant aiiy. very definite Btatementö 
concerning them, bnt appoared to have general east and woHt courses, 
and may very probably be among the oldest of the intruBions. 
Other diorite dyke», very hard and compact, cut both the granitic out- 
bui*8t8, and altered Laurentian rocks, with a general bearing of north- 
oast and south-west. These ai*e specially fVequent in the vicinity of 
Flag Island. 

Occurrence of Minerals of Economic Value, 

111. Minerals of economic importance, though carefully looked for 
thi*oughout the district, weix) not obsei'ved to occur in any quantity. 
Tho existence of a vein with at least traces of copper, has been already 
montionod, and I have been shown specimens of copper pyrites from 
several parts of the lake which I had not time to visit, which give 
ground for believing that workable and valuable deposits of this ore may 
yet be found. Small quantities of molybdenite were obsei'ved in connec- 
tion with the altered rocks in one place. Slaty rocks, though abundant, do 
not assume the character of ti-ue roofing-slate in any part of this region 
which I have visited. It is not always possible to ascertain how much 
of the clcavage of the rocks is (lue to bedding, and how much to true 
Buperinduced slaty-cleavago. The Huronian rocks are so closely pressed 
togethcr, that the two secm often to coincide ; and I did not obsei*ve any 
cloar instance of slaty structui-e forming a considerable angle with the 
bedding. Of soap-stone, though not actually obseiTcd in place, I have 
Seen specimens from localities in the south-eastern part of Clear-water 
Lake. Small quantities of magnetic iron sand are found along the 
shores of the southern part of Sand-hill Lake, but this mineral is 
known to be disHcniinated in small crystals through many parts of the 
Laurentian. 

112. Rocks of similar nge and character to those here called Iluronian, 
and which occupy the whole of Clear-water Lake, are known tobe metal- 
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liferouB in other regions, and more especially in the counüy north and 
west of Lake Superior. They ai*e there found to yield silver and gold 
in paying quantities, and also contain copper and iron oi-es, and it is no 
improbable that systematic investigation of tho rocks of the Lake of the 
Woods may lead to similar discoveries. The examinaüon and definition 
of these bands of newer rocks among tho Laorentian, thcreforo becomos 
important in view of fatuix) mineral diöcovorios, aö well as intoi*osting 
in a pnrely geological point of view. 
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altemaie in broad beltn, according with the stratification. The bedding 
is very regulai*, and is marked, besidoB the alternatiou of tint, by the 
erosion of some softer layera composed of thin flaggy beds, which 
alteiTiate with massive compact layera several feet in thickness. The 
fractm*e of the more massive portions is conchoidal, with a dim lastre, 
and the coloura of freshly bi*oken snrfaees are muoh less mai^ked than 
those of the exterior, and vaiy from light grey, to dull pui*pliBh and flesh- 
colour, some beds being a pale pink. 

118. The sta'uctm'e of the rock is generali}^ very dose and fine, and 
from the pi-eponderance of sedimentary matter, it fi*equently more re- 
sombles a metamoi-phosed mud-i*ock, than a tioie dolomite. It does not 
effervesce in cold dilute acid, but on heating gently, a brisk action 
commences ; and when the whole of the magnesian and calcareous matter 
has been romoved, a coherent, thongh brittle mttös, remains. This, when 
exanuned microscopically, is found to consist of veiy fine and unifoim 
argillaceouB and silicioas particles. The exposed surfaces are generally 
decomposed to a depth of a few Lines. Small grains of iix)n pyntes are 
sometimes included in the rock, but no organic forms of any kind wei^ 
discovered. 

119. Of these rocks, at least seven hundi*ed feet in thickness ia 
exposed ; they are well shown at the Cascade on the westem shore of the 
lake, but to the south soon dip out of sight, and pverlying beds come 
down to the water level. The southem end of Waterton Lake, 
I was, however, unable to examine in any detail, from the pi'ecipitoua 
and impassible natm*e of the mountains surröunding it, and the impossi- 
bility, in the short time at our disposal, of making a servicable boat or 
rafl. 

120. Besting directly on these peculiar dolomites, is a very massive 
bed of limestone, also dolomitic, which forms a prominent featiu^ from 
the chalky-white aspect of its weathered surfaces. It may be designated 
by the letter B., and has a pi'obable thickn^ of about two hundred 
feet, and includes at least one well-marked band of coarse magnesian 
grit. The limestone on fresh fracture is of a pale-gi'ey colour, and has a 
highly metamorphic asj^ct. It is very close-gi'ained and compact, and 
broaks with a splinteiy fracture, the original planes of deposition being 
almost entirely lost. Some layera are exceedingly cherty, the siliceous 
matter being at times aggi'egated into well-defined nodules, but more 
usually disseminated, and forming an iiregular skeleton, which givcs 
to some weathered surfaces of the limestone an exceedingly rough 
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appearance. With acid, the rock hardly eSerYOnes in the cold, but on 
gentle heating ig rapidly dissolved, leaving a comparativoly 8mall amount 
of reriidue, which, under the microscope, appeai*s not to be of a detntal 
nature, but to have the form of minute concretions produeed during the 
metamorphism of the i^ock, by the i'e-aiTangement of the silica. There 
doed not appear to be any unconfoimity between thi» limestone seines and 
that of the underlying impui*e dolomites, of which it may be considered 
an upward extension. It indicates, however, a well-marked change in 
the character of the deposit; depending on the exclasion of the fine 
detrital matter foiming so large a part of the previous beds, — a change 
brought aboat, perhaps, by the deepening of the sea. The limestone, 
where it ci'osses the lake folded into the anticlinal ali*eady mentioned, 
fix)m its sttperior haixlness, forms a projecting poiiit fi*om either 
side, and a transverse reef which almost divides the sheet of water 
into two. 

121. Series C, overlying the last, is well expoued in the bare sides of the 
monntains on both shores of the northern end of Waterton Lake. On the 
east side, a great portion of the western front of Mt. Wilson is composed 
of it, while to the west, a mountain rising about 4,000 feet above the 
lake, is almost entirely formed of these beds, which have there been 
sabjected to violent flexure. (Sects. 6 & 8). As a whole, this division 
of the section may be described as consinting of hard quartzites, sand- 
stones, slates and shales ; and its most remarkable feature is the rapid 
altemation of beds diffeiing in colonr and textm'e. Various shades of 
green, purplish-brown, red, and white, are the most prevalent tints. 

122. In the almost vertical western side of Mt. Wilson, about two 
thousand feet of these beds is seen. They lie directly on the last 
mentioned white limestone, and if any unconformity exists it was not 
observed. Here two pretty thick bands of magnesian grit appear among 
the other rocks of the series, and may be distinctly traced along the 
mountain side for some distance. At one cnd of the section a considerable 
thickness of i*ed beds occurs, as the highost in Senes C, and in some 
places these are seen to underlio directly the limostono of Series D., next 
in Order, while in others they are wanting, and D. rests on the lower 
green slate» and sandstones, showing a well marked unconformity. 
(Sect. 6.) The mountain on the western side of the valley of the lake, 
shows but a single band of the magnesian sandstone, which is very 
irregulär in its thickness. The red beds are only clearly seen in a few 
places, and faults may exist which complicate the structm-e moi*« than is 
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apparent. There seems, however, to be above the red band, a consider- 
ablo thickness of slaty rocks, which are altogother wanting in the last 
section. 

Bocks in the Kootanie Pass. 

123. The beds of Series C. are, however, bent displayed in the sides 
of the South Kootanie Pass, — which enters the mountains three and a 
half miles north of Waterton Lake, — and were there ^eparated for con- 
venieiice of reference into five subdivisions. The rocks at the entrance 
to the pass have a general south-westerly dip. The lowest seen wei-e in 
the bed of the brook, and must be well down in the series. They consist 
of hard greenish slates and compact thin-bedded quai*tzites, mnch resem- 
bling those underlying the magncsian sandstone, in the last montioned 
locality. In the mountain on the north side these were seen to be over- 
laid by reddish, greenish, and bluish-grey sandstones, with somo slaty 
bods, all considei*ably aitered ; but which fonn a talns, and are not very 
well exposed. These were designated subdivision 1. 

124. Abont midway up the mountain, a massive bed of magnesian 
sandstone or grit, appears, and constitutes subdivision 2. It must be 
about fifty feet in thicknoss, and great blocks of it which have broken off 
from time to time, are now strewn round the foot of the slope, and 
encumber the pass. It no doubt coi'i'esponds with one of the similar 
beds already described as occurring near Waterton Lake, and lithologi- 
cally, also bears a dose resemblance to that intercalated in Series B. It 
is composed of large well-wunded grains of transparent quaiiz, with 
occasional dai'ker ]>articles — tho whole imbedded in an opaque white 
calcareous and magnesian matinx, which i'apidly tui*ns brown on exposnre 
to the weather. 

126. Next in the series, and forrairig the snmmit of this momitain, is 
a considei-able thickness of i'ed, greenish, and bluish-gi'ey sandstones and 
slates ; which, by their alteimation give the cliffs a curious banded appear- 
ance. They resomble those of subdivision 1, and may be named 
subdivision 3. 

126. A series of bright-red beds appeai*s on the slope of the mountain 
on the south side, overlying the last; they constituto subdivision 4, and 
represent those already noticed i\s occuiTing in Mt. Wilson and elsewhere. 
In following tho trail along the north side of the Valley, they come down 
almost to the level of the bi*ook, about one and a quarter mile from the 
cnti*anco of the pass. Their thickness at this place must bo about two 
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huDdred feet, and from their exceedingly bright colour, they constitute 
wherever they occui», an excellent reference honzon, and may often be 
detected even at a great distance. They ai-e hard, i-ed, thin-bedded sand- 
stones, with frequent thin intercalations of red argillaceouä matenal, and 
one or two beds o£ small thicknesH, composed of pale-greeniäh, shaly 
qaartzite. A fiflh subdivißion which intei'venes in some places* between 
the red beds and the base of the limoätone above, is not well seen in this 
part of the valley . 

127. Five miles westwaixi in the pasH, the valley forks, one braneh 
taking a north-westwaixl direction, the other loinning west-south-west. 
The trail also divides here ; one ti*ack, whieh does not appear to be much 
used, taking the former, while the other takes the latter direction, and in 
doing HO, foUow» the main ntream of the bi-ook. The north-western 
Valley was not examined in detail, but the mountains Buri*ounding it 
affoitled from a distance, a fine general seotion of the rocks ü'om Series 
C. upward. 

128. In foUowing the main valley, after crossing the brook, the trail 
for about half a mile runs parallel with the axis of a gentle anticlinal 
which has an east and west coui*8e, and passes eventually into the 
moontanious point which separates the two vallies. In the bed of the 
brook, and well down among the variegated sandstones and quartzites of 
subdiviKions 1 or 3 of Series C, is an extensive exposure of diorite. It 
appeai*8 to be intercalated between the beds, but is probably intrusive, as 
it was not elsewhere seen. Over twenty feet in thickness is exposed. 
The iXK'k is so travei*sed by fissures as to i*ender it almost impossible to 
break off a clean-faced specimen, and is dark colonred and compact. 
Some large fragments foand in the bi*ook, which appear to have been 
denved from the same bed, show remai'kable stellar aggregations, several 
inches in diameter, of pale green felspai* crystals. Below the diorite, and 
in the bed of the brook, an extensive senes of banded red and green 
sandstones and quartzites, with occasional white quartzite layera, 
appeai*8. The beds ai*e not iuelined at high angles, or much disturbed, 
but are somewhat connigated on a small scale. A species of slate con- 
glomerate* is also not uncommon, though not generally occun-ing in beds 
more than a few feet in thickness. The i'ock so designated, is generally 
agreenish or white quai'tzite, enclosing small irregulär fragments of 



* Though the nrnme »laU eongknaeraU beit descrIbM th« Constitution of this rock, It diffen much in 
Kppeannoe, and probftbly also in origin, from the Huronian slate oonglomerates. (| 104.) 
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green, or rod, close-gi'ained ßlaty rock. These slate conglomerates are 
not uncommon at several horizons in Series C, and fragment« of them 
have been recognised among the drift deix>sit8 far out on the plains. 

129. The crest of a remarkably bold jxjak on the north-west side of 
the pass, at this place, is composed of thick limefttone beds, fonning Series D. 
of the general section. They weather light-brown, and fawn-colour 
on exposure, and are found to enter lai'gely into the composition of all 
the niountains of this region. When, as in this instance, they foi-m the 
Bummitß of a peak or ridge, disintegration proceeding most rapidly along 
vertical lines of fracture, pi-oduces. extremely pictiiresque and rugged 
outlines. When, however, merely exposed in the side of a mountain, and 
still coverod by other beds, they form steep terraced slopes or perpendi- 
cular cliffs quite different in aspect. The upper beds, are genei^ally more 
fVequently divided by horizontal planes than the lower. The entire 
thickness of the series must be about one thousand feet. 

130. About four miles beyond the division of the valley, or East Fork 
of the trail, a thick bed of contemporaneous trap appears on the tope of 
the mountains on tlie north-west side, overlying the limestone. This bed, 
which is designated in the series by the letter E., must hei'e be over fifty 
feet thick, though any very precise estimate could not fiK>m its position 
be obtained. Great blocks of the trap have fallen into the valley below, 
and inci*ease the diflSculty of the trail. The rock is a dark-colourod and 
very compact diorite, but has numerous amygdaloidal cavities. Series F. 
and G. occur overlying the ti-ap in this part of the pass, but wore not here 
examined. 

• 131. A deep transverse vallej', fillcd in some places with fine spinice 
woods, lies along the eastern base of the actual ridge of the water-shed, 
and £ix)m the brook flowing in it, to the summit of the water-shed, an 
ascent of 1,022 feet is made by the ti^ail ; which here becomes exceedinglj' 
steep and hai-dly practicable for heavily latlen pack animäls. The rocks 
of the water-shed ridge* apparently belohg, in this place, entirely to Series 
C, but other beds may also be represented, as the exposures are not veiy 
good. From the evidence, I have been induced to indicate a fault on the 
general section, as separating these fi-om the last described westerly- 
dipping beds of the valley, though thoir rolation was not actually 
observed. 

132. The height of the water-shed where crossed by the trail, as 
iudicated by the mean of thi*ee closely cori'es]K)nding readings, taken on 
as many diffei'ent days, and compai*ed with Mr. Fish's nearly simul* 
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taneons observations at the West Butte, was 6,673 feet.* Lieutenant 
Blackiston, in 1858, made the height 6,030 feet, by a Single Observation 
in unsettled weather. The trail descends on the west side of the water- 
shod ridge very rapidly, and at the distance of three quarters of a mile, 
Grosses a little brook which lies 1,325 feet lower than its summit, and 300 
feet below the stream last crossed on the east side. It next passes for 
aboQt two miles along the face of a very steep hill-side, when a deseent is 
again made to a piece of flat ground in the bottom of the Valley, covered 
with a scattered growth of young pines. (P. contorta, var. latifolia Eng.) 
This place may be called the West Fork, as a seeond valley as large as 
tbat of the pass, here comes in from the south-east. The rocks in the hill- 
side last mentioned, dip generally north-westward ; they appear to belong 
to the same senes as those of the watershed ridge, and to be included, — 
at least for the most pai-t, — in division C. The lower pai't of the hill is 
oomposed principally of greenish slaty-rocks and sandstones, while at the 
higher levels, red sandstones preponderate, and are seen to be overlaid 
just north of the West Fork, by a remnant of the great limestone D. 

133. Westwaixi from the West Fork, the Valley of the Pass was 
examined for about four niiles. It is hei'e hemmed in by two immense 
mountain masses, which were at once i'ecognised as Mts. YaiTell, and 
Kirby and Spence, of Lieut. Blackiston. The rocks in these have a 
genei'al easteriy and north-easterly dip, and appear to be unconnected 
with those of the central region last described, and probably sepai*ated 
from them by a fault. About a mile from the Forks, in the north side of 
the Pass — ^which as before offers the best section — a gi*eat series of 
reddish sandstones, often in quite massive layers, is found. The tint is 
most pronounced in the upper layers, the lower becoming interstratified 
with thin beds of yellow-weathering magnesian limestone, often con- 
cretionary, which finally preponderate in giving colour to the strata. 
These rocks represent Series F. and G., elsewhere more fuUy noticed. 
Below them, and forming a prominent featuro, is the trap bed £. It 
retains its character as bofore described, but in Mt. Yarrell, is much more 
important, and must bo at least 100 feet in thickness. The great 
limestone D., is here also shown, underlying the trap; and is wellsituated 
for examination, as the whole of the beds come down in succession on the 
trail. It is not so highly magnesian as the limestone B., and generally 



•The obiervationg were u f oUowa :— Aug. l&th, 11.25 A.M., 6,082; Aug. 16th. 11.20 A.M., 6,078; Aug. 
fOÜi, 10.20 AM., 6,660. 
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eflferverces freely without the application of heat. It is hard and 
metamorphic, but cloee-grainod, and not crystalline. The colour of 
freshly fractured eurfaces is generally blulHh, and varies from a dark 
Bhadc to a pale bluish-grey; some layei*8, have, however, a yellowish 
tinge. Weathered Hiirfaces are pale-brown, fawn, or buff-coloui'ed, and 
show an irregularity of strueture whiob is not appareut on fVaeture, but 
seems to arise from the unequal resi^tenee to the weather of pai*t8 more 
or less largely impregnated with magnesia; the differentiation being 
produced by some sort of segregative aetion. The more highly magnesian 
layers are at times arittn^d in planes parallel to those of deposition, but 
also, not infi'equently, quite irrespectivo of it. 

134. Below the limestone the lowest beds here seen oceui*. They are 
composed of the variegated sandstones and slates of Serie« C. The for- 
mer are generally reddish and greonish, the latter grey and green, but 
there ai*e also many bands of white quartzite of small thickness. No 
marked unconformity between this series and the limestone is here 
obsei'vable, but subdivision 4 was not reeognized, and it would seem that 
the limestone here rests on No. 1 or 3. The sandstones and slates also 
seem to be much more metamorphosed than any of the i-oeks higher in 
the series, and are bcautifully plicated on a small seale. 

135. I was unable to observe the rocks further west than this point, 
which is about five miles fvom the Flathead Eivor. The mountains were 
here, however, deoreasing in altitude, and the watershed mnge was noarly 
passed thi'ough. 

Socks near tlie Boundary Monument, 

136. In the Valley which nms south-eastward from the West Fork, 
and leads almost directly toward the Botmdary Monument on the water- 
shed, the rocks exposed in the hill-sides are chiefly red, or reddish sand- 
stones, generally rather thin-bedded, but sometimes massive. Thej* 
belong for the most part to the upper red Series G. Series Ä, composed 
of flaggy fawn-coloui*ed beds, which are no doubt magnesian limostone or 
sandstone, foi*ms the soft-outlined and crumbling summits of some of the 
mountains on the south-west side. These racks — the highest observed in 
the mountain region — were not closely examined, though a greater or 
less thickness of them was frequently seen resting on Series G., and 
differing from it markedly in colour, it was always at a great height 
above the Valleys. 

137. The spot known as Camp Akamina, the easteiii terminal 
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Station of the old NortK-wost Boundaiy Gominission, is situated at the 
head of the vailey just described. It has an elevation of abont 6,000 feet 
above the sea, and is a shelterod hollow charactei*ized by thiek sprace 
woods of fine growth. The Boundary Caim is placed on thewatershed 
aboQt a mile from the camp, and though bnilt thirteen yeara ago was 
found in perfect preservation. It is important as marking not only the 
forty-ninth parallel or boutldary between British Noi*th America and the 
United States, bat as lying at the adjacent angles of British Columbia 
and the as yefc unorganized North-west Territoiy. 

138. Near Camp Akamina the rocks are rtd sandstones, but are not 
well shown or regulär in position. In a mountain-side between the camp 
and the Boundary Monument, however, a very good section is exposed ; 
and here the structure of series F. and G. of the general section was 
best Seen, and over six hundred feet in thickness examined. The section 
may be taken as ombracing the lower beds of Series G., and the whole of 
Seines F. The highest beds examined consist almost entirely of flaggy 
doll-i^ compact sandstones, which ai*e frequently ripple-marked. Abovo 
them about two hundred feet of similarreddish beds was visible in dintant 
hill-sides, and these again were overlaid by the upper fawn-KH)16ured 
Series H. In descending, these begin to alteniate with beds of grey and 
fawn-coloui'od sandstones, the latter magnesian, and whitish on fresh frac- 
tui'e. Lower in the section, while red and reddish-purple sandstones 
still continue, whitish and fawn-colourod limestonos, — frequently concre- 
tionary, — are intercalated, and become thickor and more frequent toward 
the base. The lowest rock seen in Series F. is a dark pui*plish sandstone, 
and not far below it is the trap designated in the genei*al section by the 
letter E. Many of the sedimentaiy beds throughout the entire section 
are ripple-mai'ked, and rain-pitting and sun-cracks ai^ not infrequent. 
At sevei-al different levels, too, the surfaces of sandstone beds show 
impressions caused by salt crystals, subsequently dissolved out. Some 
of these ai*e as much as half an inch in diameter, and exhibit distinctly 
the peculiar hopper-shaped forms ckaracteristic of sodic Chloride. The 
conditions of formation indicated by the rocks are those of a shallow, 
land-locked, salt lagoon or lake ; which was, perhaps, sometimes in com- 
munication with the open sea. No traces of fossils could be found. 

139. The di Vision made betweeq Series F. and 6., and that between G. 
and H., are pi-obably not of great importance. No unconformity obtains, 
and the same conditions seem to have prevaiied throughout ; the deposi- 
tion of reddish sandstone, altemating with that of pale dolomitic sand- 

5d 
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Btone, and magnesian limestone. It is one of convenience only, and 
founded on the diiferent colonrs of the zonos aa they appear in the rnonn- 
tain sides. 

140. The tmp E. is Btill important at this place, but is not so thick 
as in the Mt. Yarrell sections. It is dark-porplish in colour, and füll of 
irregulär amygdaloidal cavities, which ai*e lined with green chloritio 
matter, and generally ülled with white calcite. It overlies the great 
limestone, as before. 

Eastem Front of the Watershed Range, Mt, Wilson and Chief Mountain. 

141. North waixi from the entrance of the Sontli Eootanie Pass, along 
the eafitem side of the moontains, for at least twenty-five miles north of 
the Line, the rocks exposed ai*e similar to those already described. AU 
the beds of the eastern ridges appear to dip westward, or west^north. 
westward, towaixl the axis of the chain ; and are broken off abruptly to 
the east, forming steep cliffy fronts toward the plains. The lower and 
outor i*anges connist almost entirely of the variegated Series C, of which 
the red beds are oflen visible at a great distance. Many of the higher 
monntains are capped by the limestones of Series D., and whei'e gaps in 
the eastei-n wall allow the inner ranges to be seen, they freqaently show 
the npper fawn-coloai*ed, and red beds, with gentle dips forming steep, 
but sti-aight-edged ridges. Section 5 represents the geological stractnre, 
and general contoor of the mountains to the north, as seen f^x)m a hili 
aboat six miles north of the enti*ance to the South Kootanie Pass. The 
most distant mountain of which the geological stnicture is indicated, was 
estimated to be about fifteen miles from the point of view. The more 
distant peaks shown on the horizon were bat dimly visible, and must 
lie from fifty to one hundred miles northwaixi. They appear to be of 
great height. 

142. The outlying or counterfort ränge, which is sitnated on the 
east side of Waterton Lake, has a braadth f\*om west to east qf seven 
miles. It may be designated the Wilson Bange ; that name having been 
applied to a part of it by Lieut. Blackistou. Its westem side has been 
already partly described in connection with Waterton Lake. As viewed 
from the north, its fiont is chiefly composed of the rocks of Series C, of 
which subdivision 4, the red band, is conspicuous in many places. The 
central and higher parts of the ränge ai*e of limestone belonging to 
Series D. ßocks differing from the rest, and apparently bronght np by a 
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fbolt, occnr at the north-eastem comer of the ränge. They were not 
cloaely examined, but may belong to Seriea B. 

143. Chief, or more properly Chiefs Mountain, which pixyects 
still forther to the eastward, is one of the most remarkable mountain 
masses of this region. It is nearly isolated from the rest, though 
surrounded by rogged foot-hills, which are covered with dense woods 
and wind-fall, rendering it almost unappi-oachable. As seen from the 
eastward, it resembles the base of a broken column, and its oatline was 
qnite distinguishable fix>m that of the remainder of the moantains, even 
from the Sweet Grass Hills, a distance of one handred miles. On three 
sides, the central mass of the mountain is precipitous, and its bare i*ocky 
clifGs are of great height. To the west, it appears to slope more 
gradnally, and its summit is cleft with deep i*avines. It seems to owe its 
remarkable form to the peculiar weathering of the limestones of Series 
D., of which the perpendicular portion is composed. The rocks 
of the foot-hills are softer, and no doubt belong to Series C. Chief 
Mountain resembles in its structure the peak called Castle Mountain by 
Dr. Hector,'each being formed of a huge quadrangular block of nearly 
horizontal limestone beds. 

Beview qf the Section. 

144. The total thickness of the beds seen in this part of the Rocky 
Mountains most be about 4,500 feet, though this can only be regarded 
as an approzimation ; as owing to the short time at my disposal, few 
of the beds were actually measured. The entire series ai*i-anged as a 
eontinuous section in descending Order, is as follows : — 

H. Fawn-coloui*ed flaggy beds, seen only at a distance, but probably 
composed of magnesian sandstones and limestones. lOO/e^f. 

G. Beds chai*acterized by a pi*edominent red colour, and chiefly red sand- 
stone, but including some thin greyish beds, and magnesian sand- 
stones, the whole generally thin-bedded, though sometimes 
rather massive. Bipple-marks, &c., Weathera to a steep rocky 
talus, where exposed ip the mountain sides ; and passes gradually 
down into the next series. 300 /eef. 

P. Pawn-coloured flaggy beds of magnesian sandstone and limestone. 
Some red sandstones occur throughout, but are especially abundant 
toward the top. Apparently a continnation upward of the lime- 
stone D., and only separatcd from it by the trap overfow. 200 
feet» 
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E. Amygdaloidal tr^p ; dark coloured and hard. 60 to 100 feet, 

D. Compact bluiah limestone, eomewhat magneeian^ and weathering 
brownish. This forma some of the boldeßt crags and peaks of tho 
moantainB, and apparently rests unconformably on Series G. 
lyOOO feet. 

C. Sandstones, quartzites and slaty rocks, of various tints, but ohiefly 
reddish and greenish-grey ; the indivldual beds seldom of great 
thickness, and the colour and texture of approzimate beds rapidly 
altemating. In this series occurs a band of bright-red rocks, of 
inconstant thickness, also two or more zones of coarse magnesian 
grit. 2fi00feet or more, 

B. Limestone, pale-gi'ey, cherty and highly magnesian; hard, mueh- 
altered and weathering white. It inclodes at least one band of 
coarse magnesian grit like that foand in the last series, which 
weathers bi-own. 200 feet. 

A. Impore dolomites and fine dolomitic quartzites; dai'k pui'plish and 
grey, bat weathenng bright bi-own of various shades. WOfeet or 
more, 

145. The trap B. is remarkable for its continuity over an extensive 
area without any great Variation in thickness or character. It is repre- 
scnted along the eastem side of the mountains for probably at least 
twenty-five miles, holding always the same position in the series. It 
occtu'S also in the Boundaiy Mountain, and in Mt. Yarrell almost at tiie 
extreme western mai*gin of the ränge. In a hold peak standing in the 
angle betvveen the two branches of the pass at the East Fork, what 
appeai*s to be a thin bed of a similar ti*ap occurs among the limestones of 
Series D. It can there be ti'aced for a long distanco on the cliifs, but was 
not elsewhere observed. 

146. No granitic or gneissic ix>cks were found in this part of the 
mountains; and, a^ elsewhei'c shown, they evcn disappear as constituents 
of the drift before the foot-hills are reachod in this latitude. These i-ocks 
are not known to occur in any pai*t of the eastem ränge of the mountains 
north of the fortj^-ninth parallel. Southwaixi, they appear in some plac^s 
as the basal i*ocks of the series, and in Goloi*ado are quite extensively 
oxposed, and hold in association with them the ores of the precious 
metals. In some cases these rocks are observed to be clearly overlapped 
by the Potsdam sandstone ; and if not the equivalent of the Laui-enüan of 
the east, are at least Eozoic. 
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14T. The difference in character of the country on the east and west 
sides of the first ränge of the mountains, which on the forty-ninth 
pai'allel constitatefl the water-shed, is very striking. Standing on one 
of the higher dominitä, glimpses of the trooless prairie can be 
Seen between the eastern boixieiing mountains. The undulations of the 
grassy foot-hilis ai-e, fi'om the elevation, completely lost j and the piain 
appeai-8 to differ only in colour froni the sea. Looking westwai-d, even 
where the view is most extensive, it is one of tumultuous peaks and 
ridgesy pine-clad or bare and rocky, to the horizon ; and these are only, 
the first of those which in almoet anbi*oken series extend to the Pacific 
Coast, a distance of four hundred miles! 

Comparison of the Rocks &een in the Vicinity of the Forty-ninth FarcUlel, 

with those ofother I/ocalities, 

148. Sir J. Bichai-dson hasdescribed the Bocky Mountains, where he 
met with them on the Mackenzie Biver, as being in great part composed 
of Cai'bonifei'ous limestone. Dr. Hector is, so far as I know, the only 
other geologist who has examined their eastern ranges in British 
America. He had the oppoiinnity of ti-avereing them in several 
places, and has noted the occurrence of limestones of Carboniferous 
age, in muny localities. In the eastern ränge, where cut by the 
Bow Biver, he describes a " deep blue limestone, which weathera to a 
light blue colour, and is traversed by veins of calcspar. The surfaces of 
these beds are veiy rough, and masses of chert are left protruding by the 
action of the weather.*' They were found to contain fragments of 
Encrinite stems ; also. Producta and Spirifer ; and are consequently of 
Carboniferous or Devonian' age. They are said, in this locality, to be 
associated with eai*thy shales.* Near the same place — in Castle 
Mountain — limestone beds occur, which* would appear fi'om the descrip- 
tion, to have been estimated at about 2,000 feet in thickness.* They 
overlie quartzites and quartzite-conglomerates, though not directly.f 
Somewhat further west, at the head of the Vermilion Biver, a similar 
limestone is again found, with fossils Uke those last mentioned. 
Oertain hill-sides are also described as consisting of ^' horizontal strata of 
blue slate rock, closely banded with red 8tripes"J which may be supposed 
to represent Series C. 

149. On the upper waters of the North Saskatchewan, Carboniferous 

''Fftlliser Exploration of British North America, 186S, pp. 09-100. 
t Ibid., p. 102 \ Ibid., p. 104, 



70 B. N. A. BOUNDAET 0OMMI8SI0N. 

limestones füll of Encnnites and corals, are mentioDed ;* and near Old 
Bow Fort, cream-coloured HmeÄtone, with cherty nodales and obscure 
Encrinite stcras, blue cryHtalline limestone and compact earthy limestone, 
with Cyathophyüum and Favosites were found associated.f 

150. In Koche Miette Mountain, neai* Jasper House, Dr. Hector 
obtaiued tho following interesting section : — J 

Hard, compact blue limestone and shale, with nodules of 

iron p3nrite8 2,000 feet. 

Flssile shales, almoHt black 300 " 

* Hard grey sandstone 100 " 

Shales, toward the upper part with green and red 

blotches, thc Iower part rust-coloured 500 " 

Cherty limestone and coarae sandstone, obscured by 
timber 

This shows a moderately close resemblance with the membciä of 
the Boundary section from D. to B., inclusive. 

151. At the north ond of Pipe-stone Pass, a dark-blue limestone, 
containing Atrypa reticularis^ and thei*efore characteiised as Devonian, 

OCCUl'S. § 

152. Neai* the Upper Columbia Lake, on the west side of the main 
ränge of the mountains, Cai'boniferous limestone is fonnd lying unccn- 
formahly on slaty rocks, a veiy interesting fact when taken in conjunc- 
tion with the supposed unconfoi*mity of Series D. and C, on the Line. 
Dr. Hector describes the *' cherty Carboniferous limestone '' as " resting 
on slate, both dipping to the north-east, but the latter at a very high 
angle," || and in another place recui*» to the Observation as proving the 
unconformity of the limestone on the underlying series. % 

153. In Humming up his obsei*vations, Dr. Hector considers the 
eastern i*ange to be mainly composed of thick-bedded limestones. He 
writes : — " These limestones are of dark and light-blue coloui', ciystal- 
line, compac*! or chei*ty, with fosuils that ai-e either of Cai*bonifei*ou8 er 
Dovonian age, the princii)al of which ai-e Spiriferj Orthis, Chanetes, 
ContUaria, Lonsdalia^ Cyathophyllum^ JMJiostrption, &c. Along with them 
ai'e softer beds of grity, sandy shale, generally of a duU red or pui'ple 
coloiir."** ** In the second i*ange we have the same limestones and shales 
repeated as in the lii'st, but at the base I obsei*ved traces of a magnesian 
limestone of a buff colour, containing Atrypa reticulariSy a true Devonian 
fossil." tt " On the Kicking-horse Eiver, in tho thiiti ränge, we have the 



• Exploration of British North America, p. 118. 
t Ibid. , p. 14«. : Ibid. , p. 127. | Ibid., p. 150. N Ibid., p. 164. 

% Jouru. G«oL Soc., vol. xvii., p. 448. ** Exploration of British North Amerioa, p. 289. 

tt Joum. Q«ol. Soc, ToL tu., p 443. 
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mouDtainB agam formed of blae limestoney along with a compact blue 
schist with red bands, giving a corious striped aspect to tbe rocks." * 

154. Dr. Hector is not very clear as to the Separation of tbe sup- 
posed Devonian and Carboniferous iimestones, and they may indeed, veiy 
probably belong to a single seines. Prof. Meek, in descnbing fossils fix>m 
limestones occurring in the mountains south of the Boondaiy-Iine, which 
irota tbe general facies, he believed to bo Carbonifei'oaB ; mentions tbe 
fact that tbe forms, without exception, belong to genera, which are 
common both to that formation and the Devonian, and of which a small 
nomber ai*e i*epre8ented also in the Silmian. f 

155. Dr. Poale, in bis report to Dr. Hayden J describes, at Spring 
Canon, Montana, about two hundred miles south of the Line, an interest- 
ing section which is cleai*ly comparable with Series D, F, G, and H. It 
may be summarized as follows : — 

CretcLceous — 

Bed, purple, and grey sandstones, with brown limestone. . 200 feet. 

Jurassic — 

Brown and yellowish limestones, with sandstones and thin 

qnartsites 449 " 

Triassic — 

Bed and purple sandstones, sometimes calcareons, with 

one tnin limestone near the top 68 *' 

Carboniferous — 

Limestone, the Upper layers arenaceous 435 " 

Allowing for the distance by which the two regions are separated, the 
agreement is sufficiently dose. We have first, a limestone comparable 
with D. The tmp B. of the Boundaiy section, is probably intercalated 
among the beds bere included in the Carboniferous, and separates the 
representatives of the lower compact lime^itone, from those of the upper 
flaggy and arenaceous beds ; which, in the Boundaiy section, ai*e desig- 
nated Series F. Next, a great ascending series of limestones associatcd 
with reddish arenaceous beds. 

156. The beds classed as Triassic, in the above section, are so-named 
merely from their analogy with those of that period in other regions. 
Di\ Hayden, elsewbere, stateti bis belief, that the Ti'iassic and Devonian 
series are wanting in Montana, § and that below the iignite-bearing 
formation, foUow in descending order, the Crotaceous, Jurassic, Cai'boni- 
ferous, and a groat thickness of lower sti*ata, probably Silurian, which 
rest unconformably on granitic and gneissic rocks. 

* ExplorftUon of British North America., p. 2S0. 
t U. a Ctool. Surr. TeniU, 1872., p. 482. l JMA., p. 110. | n>id., p. 28. 
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157. The gi*eat seines of limestones attribated to the Carboniferoiifi 
period, ai*e alHO found to repoBe unconformably on the rocks beneath 
them. They lie in Bome places directly on the gneisdic rocks, while in 
other localities, 1,500 feet to 2,000 feet of Silnrian strata intervene.* The 
entire thickness of the Carboniferous rocks is estimated at ftom 1,000 to 
2,000 feet. f 

158. Other limestones, supposed to be Lower Silurian, are also de- 
Bcribed in this region, and said to have a '^ mach older look than those of 
the Carboniferous." They are also " more compact, and contain a greater 
per contago of silica, ai*e füll of cavities lined with crystals of quarte, and 
weather into mach moi-e mgged forms." J In another locality, limefltones 
belonging to the two eeries are found almoet in oontact, and '^ althoogh 
there is no positive non-conformity between the Carboniferous and 
Silurian, yet there appears to be a well detined physical iine of Separation. 
The Silurian limestoues are more massive, brittle, cherty, and have an 
ancient look, while the Carboniferous beds are more pure limestone, and 
with thin, well defined layers." § 

159. On the Gallatin Biver the thickness of the various formations 
is estimated as foUows :— Jui-assic, 1,200 feet ; Cai-boniferous, 2,600 to 
3,000 ; Silurian, 800 to 1,000. || Near the junction of the Gallatin and 
Missouri, a section shows " about 2,000 feetof metamoi^phosed slates, 
clays, and quartzites of all textures and colours, but mostly thinly lamin- 
ated," which Dr. Hayden has no doubt beloug to the Potsdam group. 
Compact, gi'ey limestones, also of Silurian age, are developed in this 
locality, and overlying the whole series the Carboniferous limestone is * 
found. ^ The general resemblance of this section to that represented by 
Series C. and D. on the Boundary, is at once apparent. 

160. At Jackass Creek, and near Gallatin City, sections more or less 
closely comparable with those on the Boundaiy-line ai*e also met with,** 
but many of the beds entering into the composition of the mountains in 
Montana, seem to be somewhat local and variable in their appearance. 

161. In the mountains at the head waters of the Powder River, five 
hundred miles south-easterly from the Boundary sections, the Carbonifer- 
ous limestone, again occurs, as a compact, cherty, yellowish-white i*ock 
with fcw fossils, but enough to indicate its age. It there rests dii*ectly 
on an liTegular surflace of quartzites and sandstones atti'ibuted to the 



•U. 8. Qeol. Sw. Terrlt., 1872., p. S8. 
tibid., p. 29. I Ibid., p. 31. 9n>ld., p. 78 || n>id., p. 80. ^n>UL,p. 00. ••n>kl.,pp.ie2,171 
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Potadara.* Near the Snake Eiver, on the wosterii side of the water-shed, 
we again find am a conspicuous featare, a " blue, cherty CarboniferouH 
limestone," overlaid by siliceouH rocks.f In the Black Hills of Dakota, 
yellowish Carboniferous limestones appear, and i'est on grey and feiTugin- 
ous Potsdam sandstones, holding eharacteiistic organic remains. The 
latter formation was here discovered for the first tirae, west of the 
MiBsoiun Eiver, by Di\ Hayden, in 1857.J 

162. The rocks representing the Carboniferous foimation, in the 
Rocky Mountain region, would therefore appeai* to be wide-spread, and 
to be represented in great part by massive limestones, which ai'e 
remarkably conHtant in their lithological character. 

163. A seetion examined by Dr. Hayden, in the Uinta Sänge, in 
Utah, is interesting as a standaixl of comparison with those on the forty- 
ninth parallel. Here, red beds, supposed to be Tiiassic, and from 150 to 
200 feet in thickness, aro firet mot with, and pass downwaid into grey 
sandstones, quartzites and indui'ated arenaceous clays; then, alternate 
beds of thin grey limestone and sandstones; and flnally, a massive 
iimestone, about 1,000 feet in thickness, holding Carboniferous fossils. 
Next, dull purplish sandstones, with a series of thin layers of slate and 
clay, gradually passing down into brittle reddish and grey quaiiaites, and 
being more compact and massive. In this whole series, from the i-ed 
beds above, to the lowest quai-tzites, no unconformity is appai*ent ; the 
junction between the base of the limestone and the underlying sandstone 
becoming clear and regulär. The total thickness of the beds exposed is 
estimated at 10,000 feet, of which 8,000 feet, is composed of the lower 
sandstones and quai-tzites. Of these last, Dr. Hayden believes the upper 
beds to be Silunan, and to pass gradually downward without any break 
in time, to rocks of Hm*onian age ; the lower pui-plish quartzites being 
compared with those underlying the Cretaceous and Carboniferous rocks 
in Dakota, which are supposed to belong to that period. § 

164. The general similarity of this with the Boundary seetion is 
apparent, and the resemblance of the rocks underlying the great lime- 
stone in the two localities is particularly interesting. The lowest impure 
dolomites of Series A. might very well be called pui'plish quartjsites on a 
Bupei*ficial examination, and would be such but for the presence of a pi-o- 
poi*tion of calcareo-magnesian matter. The magnesian limestone B. 



* Qeoloffical Report Yellowstone and MiBsouri Expedition. 1869., p. 70. t n>id., p. 88. 

\ U. S. Oeoi. Surv^ Teirit. 1857-50., p. 112. S U. S. Geol. Surv. Territ, 1870., pp. 40-52. 
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appoars to bo wanting in the Uinta section, bat ite introduction would be 
in coiTespondence with the increased quantity of calcareous matter in the 
other rocks. 

165. Eed beds overlying the CarboniferouB limestone are frequently 
found in the wostern territories. Some of them, from their fossilö, are 
certainly Juraööic, while other» are Triassie, or perhaps Permian. They 
have been already more than once referred to. Neai* the head waters of 
the Cheyenne River, in some localities, between the Carbonifei-ous lime- 
»tone and the 8up]x>8ed Jurassic red beds, they attain a eon8idei*able thick- 
ness, and hold gypsum,* the accumulation of which impHes conditions 
similar to those causing the briny lakes, shown to have existed after the 
depoflition of the great limestone in the Boundary sections. Near the head 
of Wind River, the Cai-boniferous rocks are followed in ascending order 
by 150 feet of arenaeeous beds, and greyish. ash-coloured sandy clays ; tben 
by a great series of reddish, pui-plish, yellowish, and grey beds, sand- 
stones, Üaggy limestones and marls. Ripple-marked surfaces are com- 
mon, and organic remains prove the rocks to be Jurassicf 

166. Of the mountains about the sources of the Missoui'i, the Big 
Hom, and Wind River ranges^ Dr. Haydeu writes : — " A series of ai'ena- 
ceous beds, which we have called the red arenaeeous depositSy or Triassic, 
form one of the most conspicuouH features of the geology along the flanks 
of both sides of the principal ranges of mountains, and ai*e almost always 
preseut." They ai*e " sometimes called saliferous or gypsum-bearing beds, 
from the fact that they contain both salt and gypsum, the latter mineral 
oftentimes in great quantity,^' A portion of these i'ed beds is believed to 
be Tnassic, but above them lies a series of marls, or arenaeeous marls, of 
light or ashcn grey colour, with Jurassic fossils.J 

16T. Though the abserice of fossils in the rocks of the mountains 
near the förty-ninth parallel, wherever I have examiued them, pi'e- 
cludes the fixing of their horizons by palfeontological evidence, it seems 
possible to correlate them lithologically and stratigraphically with 
similar beds in other and better known regions of the west. This means 
of correlation appeai*s to be a pretty reliable oue, from the great genoral 
constancy in succcHsion and character of the stratified i*ocks of the interior 
and western jmrt of the continent. 

168. On comparing the sections, it would hardly seem to admit of 



* Gtoological Report Yellowstooe »nd .Vissouri Expedition., p. 78. f Ibid., pp. B2-S8. 

t U. S. GeoL Sunr. Territ. 1867-69., pp. 112-118. 
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doubt, that the great limestone serieH D. represents that attributed to the 
Carboniferous by Dr. Hector, to the north, and by Dr. Hayden and others 
to the south. Above it, we have the reddish and fawn-colonred beds of F., 
G. and H. Of the fonner, the lower paiii probably belongs to the Carbon- 
ifei*oas limestone beneath, being only Beparated from it by the ti*ap E. 
The two latter raay represent in part what has elsewhere been called 
Triasfiiic, but, in all probability, ai-e for the most part of Jurassic age. 

169. Below the Carbonifei*oa8 limestone, a break in the continuity of 
the series obtains in the Boundary »ections, and Seriesi C. and B. resemble 
most closely the rocks which to the south have been called Silnrian. The 
limestone B., in its rough, metamorphic, and cherty eharacter, elosely 
resembles some of the Silurian rocks of the sonthern region, but does not 
lie so near the base of the carboniferous limestone as is oflen the case 
there. 

110. The rocks of Series A., as already mentioned, may represent 
those which Di*. Hayden has compared with the Hnronian. This com- 
parison, however, appeai's to rest on but slender evidence, and to be 
merely of the nature of a Suggestion. The similarity of the impure 
dolomitesof Senes A. with those largely developed in the Upper Ck)pper- 
beaiäng rocks of Lake Superior, however, is so remarkable as to desei-ve 
mention, though it be hai-dly safe to use lithological eharacter as a criterion 
of age at so great a distance. 

111. With regai-d to the question of the age of elevation of the 
mountains, I have been able to obtain but little information in the region 
examined, and that-chiefly of a negative kind. Cretaceous and Lignite 
Tertiary rook» have, however, shai*ed in the resulting disturbance. Mr. 
Clarence King has deduced fi-om his observations on the fortieth parallel, 
three great periods of uplift. The first, he refers to the Jui-assic period ; 
the second to the close of the Lignite Tertiai-y, and the third is supposed 
to have been simultaneous with the great volcanic outbui-sts of the post- 
tertiaiy. Evidence of elevation at the first of these periods, does not 
appeai* to have been veiy generally found ; and that it cannot have been 
veiy great, or such as to form a complete ban-ier between the eastern and 
westeiTi regions, the similarity of the mainne mollusca of the lowest lig- 
nite beds of the mountains, with those of the rocks of the west coast, 

appeai*8 to show.* 

112. Other evidence, however, goes to prove that some movement took 
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place prior to the period of elevation above named the seoond. Dr 
Hoctor describes a hill of OarbonifemuB limestone, which appears to have 
been an Island at the time of the depoBition of the Burroundin^ Cretaceous 
or early Tertiaiy rocks, and to have been subsequently pushed up to a 
greater elevation.^ Dr. Peale believes that the Bridger Bange, in Mon- 
tana, was elevated probably at the close of the Cretaceous, while oiher 
neighbouring mountains were not formed tili the olose of the Eooene ;t 
and Dr. Hayden is alsoof opinion that a gentle elevation had conunenced 
before the close of tlie Cretaceoos.l 

173. The great period of elevation, however, was that briuging to a 
close the formation of the Lignite Tertiary, and intei^ening between it 
and the later rocks assigned to the Mioeene and Pliocene. Dr. Hayden 
has accumiilated in the eourse of his surveys an immense namber of facts 
proving the violence and aniveraality of this dislocation. He believes 
the series, up to the siimmit of the Lignite Tertiary, to have passed 
completely over the present po^^ition of the mountains, and writes : 
" From the Silurian to the Upper Lignite group inclusive, a thickness of 
10,000 to 15,000 feet extended, in an unbroken, horizontal mass, over 
nearly or quite the entiro area of Montana, and probably much more 
widely." § 

174. The evidence concerning the periods in tlie fornuition of ihe 
mountains, however, is as yet by no means complete ; and it is certain 
that elevatory movements antedating all these above mentioned, have 
taken place. Disi*egarding those whioh had eifeoted the Eozoic rocks 
pi-evious to the deposit of the next oldest Sediments known in the west ; 
we find at least one break in the series at the base of the Oai*boniferoas^ 
and in diifei*ent localities the Potsdam, Cai*boniferous limestone, Triassic, 
and Cretaceous are found resting on the denuded edges of Eoeoic rocks, 
whioh must at these periods have foimod coast lines. 

175. The comparatively small total thickness of the beds represent- 
ing a great part of the Palfeozoic series, in the west, is remaiicable, 
especiaUy when taken in connection with the relatively great depoeits of 
the Cretaceous and later ages. This, and the absence of coal deposits, 
even in the Cai'boniferons series, would tend to show that the area of dry 
land during the Palfeozoic must have been quite small. 



* Exploratloii cf Britlab North America., p. 115. t Ü.8. Oeol. Surr. Tarrit. 1872, p. IIS. 

t On the Period of Elevation of the Rocky Mountalni. Am. Jonrn. Science and Arte.. May. 180S. 
I U.S. Oeol. Surv. Terril 1872.. p. 83. Oeological Report Yellowstone and Miaaouri Expedition., pw 6. 
Also, for the Black Hills and Laramle MountainB. U. S. Oeol Surv. Territ. 1867-50., p. 70. 
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The i*ecaiTence of magnesian rocks at so many dififerent horizoDB 
i8 also noteworthy. 

176. The sadden natare of the break between the nearly horizontal 
strata of the plains, and the crumpled rocks of the moontains, is a 
remarkable feature on the forty-ninth parallel. A similar pecnliarity of 
structure has, however, been observed in other and distant parts of the 
ränge. Near the head watera of the Powder River, the Cretaceous and 
Tertiary beds, beyond ten to fifteen miles from the mountains, are not 
flezed.* 



* Geologlcsl Beport, Tellowitone mkI HlMoorl Expedition, p. (XL Compwe »bo Mr. MirVin'i Seo- 
Uoof. U. S. Oeol. Surr. TerriU, 1878. 
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CRBTACEOÜS AND TERTIARY ROCKS OF THE VIOINITY OP THE 
FORTYNINTH PARALLEL— PEMBINA ESCARPMENT TO 

WOOD MOUNTAIN. 

Grxtackous Rocks. — Pembina Eacarpment — Niobrara group — Foesils of the Boyne 
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Gkbbk — Sections on Great Valley — Sections on Pyramid Creek — Lionftb 
Tertiary Rocks on Porcupinb Crkbk— Eighteen-foot lignite bed — Lionitb 
Tbrtiary ItbcKs ON THB Trabbrs' Road. 



Oretaceous Bocks of Pembina Escarpmenty Pembina River^ and 

Long River. 

ITT. On leaving the Lake of the Woods, and proceeding westward, 
the face of the countiy is foand to be thickly covered with drift and 
alluvial deposits. The Silni*ian limestonos, which probably exist at no 
very gi*eat depth, ai*e not observed, and the first rocks seen ai*o those of 
the Oretaceous formation, along the^ base of the escarpment known as 
Pembina Mountain, which bounds the Eed River Valley to the west. 
Prom this point westwai-d to the base of the Eocky Mountains, no 
rocks older than the Oretaceous are found. The beds of this series aro 
seldom well exposed in the eastern par^ of the prairie region lying 
north of the forty-ninth pai-allel, and the Information acquired concerning 
them by the few previous explorers has, in consequence, been fragment- 
ary and inc-onclusive, though great areas of country have been traversed. 

178. About twenty-five miles north of the Line, where the Boyne 
River cuts through the Pembina Escarpment, beds occur clearly 
referable to the 3rd or Niobrai*a division of Meek and Hayden*s Upper 
Missouri section. (§ 33.) Though unable to visit this very interesting 

locality, I have received specimens of the rocks, through the kindness of 

» 

Mr. A. L. Russell, which exactly rcHemble those Coming from the 
Niobrara division in Nebraska, both lithologically and in the nature of 
the included organic remains. 
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1*79. The rock is a cream-coloured, or nearly white limoBtone, 
breaking easily aloDg horizontal planes, parallel to the Bui*face8 of 
the Shells of Ostrea and Inoceramus, of which it is in great part 
composed. The Tnocerami are too fragmentary to admit of spe- 
cific identification, and have served as supports for the oysters, which 
still, in many instances, adhere to them. The oysters, apparently, 
all belong to a Single species, and are identical with the Ostrea 
cangesta of Conrad, so characteristic of the Niobrai-a limestones further 
sonth. 

180. These larger Shells are imbedded in a soft, whitish, earthy 
matrix, which is found, when microscopically examined, to consist almost 
entirely of the more or less perfect remains of Foitiminifera, Coccoliths 
and allied organisms ; together with the small iiTegalar pnsms arising 
fi-om the disintegration of Inocerami. The Foraminifera i*epresented are : 
Textularia gihhosa D'Orb. Yar. globulosa Ehr. TexttUaria agglutinans 
Var. pygnuBa D'Orb. Planorbulina globulosa Ehr. Planorbulina farcta 
Var. arminensis D'Orb. Globigerince referable to G, cretacea, also 
occor though not abundantly. All these I have also identified in 
specimens of the Niobrara limestone from Eau qui Coai*t in Nebraska. 
The fii'St named species was found by Ehrenberg in the Brighton and 
Gravesend chalk, being one of the commonest foims in the latter. It 
also Qccai*s in the Meudon chalk of France, and is still living in the 
Mediteri-anean and elsewhere, at depths of from iifty to one hundred 
fathoms. The second textularine foi*m is cloeely allied to, if not identical 
with, one found in the English chalk, and is common at the present 
day in the North Atlantic and elsewhero; becoming, however, rare 
and small at gi*eat depths, and appai-ently most at homo at a depth 
of about ninety fathoms in the latitude of England. Planorbulina 
globulosa is common in the modern ocean, and in the Noi*th Atlantic 
is best developed from the shore-line down to fifty or soventy fathoms. 
The specimens from Manitoba resemble those from the greater depths 
in being considerably flattened. The second rotaline foim is abundant 
rn the English chalk, in that of Möen, Denmark, and doubtless else- 
where ; and is also found in Tertiary and recent deposits. (Plate XVII., 
Fig. 2, in Appendix.) 

181. The general facies of the foraminiferal fauna of these Cre- 
taceous rocks of Manitoba, as well as those of like age in Nebraska, 
singulai'ly resembles that of the English chalk. Both abound in 
textularine and rotaline forms of similai* types ; the moi*o abundant in 
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bothj boing the form with globose Chambers, aud each having its rarer 
analogue, with Chambers flattetied and more delicate.* 

182. The finer part of tlie softer portions of the rock, is composed 
almost entirely of the extremely minute bodies, which are included ander 
the genei*al names — CoccoUths and Rhabdoliths. These are now known to 
belong to minute peiagic vegetable organisms. Ck)ccoliths are abondant 
in most modern oceanic dopoeits, and have long been known to occur in 
the chalk of England and elsewhere, bnt do not appear to have been 
previously observed in the Cretaceous rocks of America. Tho allied 
Bhabdoliths were discovered by Dr. O. Schmidt in 1872, in the Adriatic 
Sea; bat I do not know that they have heretofore been found in the 
fossil State. These very minate bodies are well preserved in the 
limestone fix)m Bojme Biver, and inin thi*oagh the samo set of forms as 
those described by Dr. Schmidt, f (Plato XVIL, Fig. 1.) 

183. The limestone, whero it occm*s on the Boyne River, appears to 
be interleaved with beds of soft clay ; bat the accoants I have i-oceived, 
ai*e not safficiently precise to enable any definite conclusions as to its 
thickness or extent, to be amved at. Its occarronce at this one localityy 
enables the outcrop of the Niobrara Division — or highest bed of the 
Lower Cretaceoas series — to be doltned at a point nearly foar-handred 
miles ftirther north than it has pravioasly been known, and fixes the 
Position of a well-markod honzon in the Crotaeeous i*ocks of the North- 
west, t 

184. In the immediate vicinity of the forty-ninth pai*allel, no rocks 
refei*able to the Niobi*ai*a division are found along the escarpment of 
Pembina Mountain, and their outcrop is no doubt concealed by the great 
thickness of sandy and alluvial deposits piled against its base. The beds 
here seen in place aj^pear to belong to the 4th or Fort PieiTe group of 
Meek and Hayden, which, in their Missouii secüons, immediately over- 
lies the last, and forms the base of tho closeiy associated group of Later 
Cretaceous deposits. From the scarcityof fossils in tho great thickness of 
beds exposed in tho Pembina Escarpment, and the want of Information 
as to the nature of the Cretaceous beds intervening between these ex> 
posai*es and those of the tributarics of the Missooin, caused by thethick 



*The microflcopic onraniams from this nx;k are describod, and their relations more fulljr ducimed, 
in the Canadian Ifaturalütt, voL vii., p. 252. t Ann. and Mag. Nat. Riet.. 1871L 

t Specimens sinoe obtaiued by the Canadian Qeoloeical Survev, weet of L<ake Wiimipwoslfl, eeem to 
belong to the Mme dirision, and enables its outcrop to be traoed still further to the north. See Report of 
ProgresSp 1874-76. 

The rocke of tho Niobrara division in Nebraska, are foond to yiold the best quiaUlme of toj in the 
State, though Carboniferoua limeetoneB also ooour there. 
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mantle of drift, it is impossible at present to fix this group o» exactly 
contemporary with that definod by Meek and Hayden. I shall thei-efore 
refer to it in this Beport merely as the Pembina Mountain Group ; a name 
to which it may well be entitled, fi-om the numerots good exposures 
which occur in the ravines of that escarpment, and which expresses its 
intimate eonnection with this great featui'e of the physical geography of 
the plains. 

185. In the valley by which the Commission Ti*ail ascends Pembina 
Mountain, ten miles north of the Bonndaiy-line, and not far from the 
wooded projection known as Point Allard; rocks of this division were met 
with for the first time, in a bare hill-side, which is too gently sloping and 
cmmbled by the weather to yield agood section. The rock is a rather dark 
greenish-gi'ey clay-shale, in which no organic remains appear. It holds 
at leaait one, and pi-obably several, layers of clay ironstone an inch or two 
jn thickness, dark brown fragments of which strew the face of the bank. 
The exposure must represent at least 30 feet of the strata, which appear 
to be quite horizontal. The ironstone is very poor, the iron in a sample 
examined amoonting to only 19-14 per cent. It is almost wholly in com- 
bination with carbonic acid, and is associated with much clayey matter, 
like that of the snrroonding beds. 

186. Seven miles further west, on the second prairie plateau, of 
which Pembina Mountain forms the front; the Calf Mountain, so called, 
though only about thirty feet in height, forms a somewhat prominent 
feature on the piain. It appears to be an outlyer of a gently sloping 
ridge which runs northward from it, and may be due to the surface 
contour of the drift, but more probably indicates the line of outcrop of a 
bed of the Pembina Mountain gi'oup somewhat more resisting than the 
rest. 

18t. Where the forty-ninth parallel cuts the base of the Pembina 
Escarpment, rocks of this series are well shown in the almost precipitous 
banks of a small stream. Some feet of the upjjer part of the section 
consist of drift matcrial, in which fragments of the underlying shale 
ai"e mingled with gneiss and gi-anite boulders. Below this, about forty 
feet of Cretaceous clay-shale are exposed, much resembling that already 
described, and of the same dark greenish-grey colour when freshly broken, 
but weathering to a 'lighter shade. It crumbles into little rectangular 
Fragments by the action of the frost and weather, and the bank, even 
where fVeshly exposed, is peneti'ated in all directions by cracks with 
rusty Burfaces. Seteral large lenticular soptarian nodules occur in the 

6p 
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section ; one of them was found to bo as mach as six feet long, witii a 
thiekness of abont two feet in the middle. Thd genei*al substance of the 
concretions is nearly black in colour, and hard ; and is composed of argilla- 
ceoua matter, cemonted togethor with calcic cai'bonate, and not highly 
fermginous. The vcins which ti-averse them in all directions, are 
composed of white and amber-coloured calcite. In certain layera of the 
section, well formed selenite crystals are found in gi-eat abtmdance. 
They are often several inches in length and quite ti'anspai'ent, and some- 
times form i-adiating groups. Some parts of the clay-shale yield also to 
careful searcb numerous fragmentary remains of small teleostian fishes, 
consisting of detached scales, and bones, chiefly fix)m the vertebral colamn. 
(Plate 18.) These organic i*emains are of an inconspicuoiis brown colour, 
and little altei^ ; and from the cinimbling nature of the matrix ai^ very 
difficult to preserve as specimens. 

188. Pembina River, whei'e it debonches from the escarpment at St. 
Joseph'» — a small settlement of half-breeds, a few miles sonth of the 
Line— doos not show any good sections of the Ci*etaceous formation, its 
high banks being composed of drift material. I was unable to trace the 
nimours of the occnrence of gold, coal, and other valoable minerals, in 
this locality, to any authentic source.* That fragments of lignite, or 
even ti'aces of gold, should exist in the drift deposits of any part of this 
region, is not impossible; but it is more prabable that the reports 
eoncerning the latter, have arisen ftx)m the discovery of iron pyrites in 
the OretaceoQS clays. 

189. The course of the Pembina River, west of the escarpment, will 
be Seen on reference to the map. Where crossed by the Commission 
Trail, nearly twenty miles west of the edge of the escarpment, and about 
ten north of the Line, sections of the Cretaceous rocks are again found. 
The river, though not more thaa thii*ty or forty feet in width, heire flowa 
in an immense valley, about a mile wide, and three hundred feet in 
depth. The banks of the valley are i*emai*kably abinipt and steep, and 
in any foimation composed of harder, or loss uniformly soft rooks than 
those of this part of the Cretaceous, would no doubt aiford numerous and 
fine exposures. As it is, comparatively few sections ai*e to be found, and 
these in the form, merely, of steep weathered banks, in which the 
original sti'atification is not apparent tili they have been scarped down 
with the pick and shovel. 

* Rumoun prevalont tX l6Mt «Im» 1862. See Dr, D. D. 0wen*e Report %a WiiooiuiD, low» and lOn- 
neeot«. 
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• 190. The mo6t promiBing bank in this locality yielded, when thus 
treated, the foUowing section: — 

FHT. ni. 
GUy-uuue, rather hard. 6 

Jronatone nodulM 2 

CUy-Bhale, rusty and daoomposed 3 

Güay-shale, aoffc and blackiah. 90 

39 2 

The lower shale is so aoft as to merit rather the appellation of hardened 
clay. It is blackiah in coIooTi from the admixture of a small quantity of 
carbonaceons matter, and alsoholds minute selenite crystals and fragmen- 
tary fish remains ; the latter quite comparable with thoee already de- 
8cribed,-iD form and state of preaervation. Above this is a bed of soft 
decomposed clay-slate, nuty in oolour, and holdiag much selenite in small 
stellar groaps, whieh are generaliy arranged in fissures and pai-tings of 
the rock. They have been developed, no donbt, by the decomposition of 
iron pjrritee in the bed, sabeeqnent to its deposition, and ander the 
inflnence of percolating waters. 

191. The ironatone, thongh nodular, forma a nearly continuons 
aheet in some places of about two inchea in average thiokness. It is grey 
within and rather compact, thongh weathering brown and becoming soft 
extemally. A sample examined was found to contain bnt 21*78 per cent. 
of metallic iron. 

192. The Upper portion of the section consiata of harder clay-shale, 
which is, however, when fi'eshly ezposed and Ml of moistore, compara- 
tively soft, and shows little tendency to break along its deposition planes. 
When dried and weathered it beeomee harder, and splita easily into rather 
thin leayes. Ita colonr when in the bank is aombre olive-grey, but on 
the snr&ce a pale whitish-grey. It containa no fossils, nnless certain 
branching msty lines, or small tabeS| with which some layers *e pene- 
trated in overy direction, may repree^it focoidal remains. 

193. The lower part of thia stxatam is probably sixty feet above the 
level of the Pembina Biver, and though not actoally seen at a higher 
level in the bank at this place, it occors at a greater elevation in other 
sectiona. Ita cmmbled remains also exist at a higher level near this 
place, and form the sabsoil of the prairie wherever the snrface has been 
diatorbed snfficiently io bring it to view, for some distance west of the 
Pembina Yalley. Aa the beda appear to be perfectly horizontal, this 
atratom wonld have a thicknesa, measuring npward from its base in the 
section just given, of at least 240 feet. 
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J94. South and east of this locality, wLei-e tbe Bonndaiy-line cfossob 
the Pembina Valley, it is still more gorge-like and abrupt, and shows 
sevei-al soctions of the PembiiA Mountain bedß. One of those must be 
over 100 feet in beight, aud though the softer fisb-beanng sbales probably 
oceur at its base, they appear to be completely covered by the falling 
4own of debris from the crumbling upper b«ds. No nodules or bands of 
ironstone appear. Sevei^al of the ravines cutting deep into the prairie 
west of the river valley, and south of the Line, show more or lese perfect 
sections of the same hard upper clay-shales. 

195. About forty miles west fi-om the foot of Pembina Mountain, 
exposures of beds belonging to the same gi*oup again occur in the banks 
of the Valley of Long Eiver and in neighbouring couUes. A clitf on the 
west side of Long Biver, some miles north of the Line, shows a eonsider- 
able thiekness of shale near the water level, underlying a great accumula- 
tion of drift. It is also seen at intei-vals for ton or twelve miles south 
along the river valley. Itappears, as usual, to be quite horizontal, and aa 
it is found at various levels from that of the bed of the river to the general 
fiui'faee of the prairie, it must still have a thiekness of ftiUy one hundred 

feet. The clay-shales bore present exactly the physical characteristics of 

• 

those of the upper part of the Pembina Eiver sections, and also resemble 
theni in the paucity of their organic remains. The curious rusty mai*k- 
ings, which may be the i*emains of small annelid burrows, or of fucoids, 
ai^ still very common ; and also other obscuro rusty impressions moi-e 
nearly parallel to the deiX)öition surfaces. The mould of a small fragment 
of Inoceramua, which showed the prismatic structure of the sheJl, was 
found; also the flattened Impression of a small naticoid shell, and 
other foi*ms resembling broken portions of a ribbed cephalopod. 

196. Obscure markings, like these, indicating the former positions of 
calcaroous fossils, are frequently found in some layers of this clay-shale 
both here and at Pembina Mountain. The fossils themselves, have, no 
doubt, been removed by the action of sulphimc acid, formed by the 
decomposition by surface waters of iron pyrites, contained in these 
little Consolidated beds. The acid so produced, has attacked the calcic 
carbonate, Converting it into the sulphate, and this has been redistributed 
and deposited in the fissures and more poi"OUB layei's of the beds as 
selenite. The clay, at the time of this action, must have been so soft 
as to dose in on the cavities formed by the abstraction of the shells. 

197. From this point, for over 350 miles westward, I have found no 
exposures of Crotaceous rocks in the vicinity of the forty-ninth parallel. 
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For about 150 miles, the countiy is 8o thickly covered with drift deposit», 
that none of the 8ti*eams cut through thom to the underlaying strata ; or, 
if the great valley of the Souris does so, they ai'e concealeci by its gently 
sloping and graswy bankö. When the rocka underlying the drift are 
again seen, near La Boche Percöe, they belong to the overlying Lignite 
Tertiary series. 

198. The Beetion seen at the crossing-place of the Pembina Eiver, 
and given above, is the most instmctive, as showing the line of junetion 
of two portions of this division of the Cretaceous ; of these, the hai-der 
beds, highest in the section, form the substratum of the plains for a belt 
at least forty miles wide, and extending westwaixi ft-om the front of 
Pembina Mountain. The lower beds eharacterized by theii' diflPerent 
lithologieal charaeter, and the compai*ative abundance of fish remains ; not 
only foi*m the base of the Pembina Eiver section, but are extensively 
developed along the fi'ont and foot of Pembina Mountain. 

199. Microscopically examined, the clay-shales of the lower series 
are seen to consist of fine argillaceous matter, with some siliceous gi*ainB, 
not much rounded by attrition. No minute organisms ai'e visible, and the 
rock does not eflPervesce when treated with an acid ; proving the entire 
«bsence of calcareous matter. The upper and harder clay-shales fi-om 
Pembina Eiver and Long Eiver, show almost exactly the same chai'acters. 
Siliceous pai-ticles are more abundant, but of smaller size, and more 
unifonn ; and no effei^vescence is caused by acid. Both i-ocks contain 
small quantities of bituroinous or cai'bonaceous matter.* When heated 
they blacken, and that of the lower division sometimes even sustains a 
small ilame for a moment. * "W hen the carbonaceous matter is removed 
by urging the heat, a hard mass, with much the texture of biscuit porce- 
lain, and of white, or veiy light dun-colour remains. Some layers of 
these fine Ci'etaceous clay-shales would yield excellcnt matenal for the 
manufkcture of pottery. 

200. These i-ocks, though so baiTen palaßontologically, are of interest 
from the great area which they must underlie, and the very great rarity 
of their expoeures. The upper portion of the Pembina Mountain series, 
must have a thickness of at least 300 feet, and taking into consideration 
the gentle westerly dip which the Cretaceous rocks probably poBsess 
throughout all this region, and which finally carries them under the Tertiaiy, 
it may be much more. Of the lower portion, it is impossible to speak 
with certainty, but it is probable that a thickness exceeding 100 feet was 
seen in the various sections examined. It is not pi*etended that the 
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division into two parte afaove indicated, is so distinct ae to be of mnch 
stratigraphical importance, or of a nature to be conetant over groat areae. 
It expi'^saes merely the oompositaon of the seriea at the PembiBa Mountain 
localitieB. 

Lignite Tertiary Bock» m the Souria Siver. 

201. In proceeding Westward acroes the drift-covered region above 
referred to, the upper beds of the Cretaceous are passed over. The 
Lignite Tertiary rocks next appear, and are first seen in the valley of the 
Souiis Biver at a point 250 miles west of the Bed Biver, and aboat four 
miles east of the tributary fi*om the south known as Short Greek. These 
beds may nnderlie the prairie some distanee east of this point, bat the 
banks of the Souris Valley near this place show a remarkable change, 
presenting numerous exposures of the Lignite Tertiary to the West, while 
eastward they are gently sloping and grassed from top to bottom. This 
change probably coincides with the easteni edge of the Tertiary basin. 
The line of junction nms noi-th-westward, and from the contonr of the 
Bui'face of the countiy, and other considerations, I have been led to 
indicate it on the map as ci^ossing the Boundary-line near the 230 mile 
point. * 

202. Prora the point where the Lignite Tertiaiy beds are first seen, 
exposures occur at frequent intervals in the banks of the Souris Valley, 
weatward, to the position occupied in the summer of 1873 by Wood Bnd 
Depot Camp, a distanee of about twelve miles by the Line, and consider- 
ably more by the river. 

203. The hard sandstones of the base of the Lignite Tertiary, fringe 
tho Souris Valley near the mouth of Short Creek, and give it a pictur- 
esque appearance. These ai'e not, however, the very lowest beds of the 
formation, as some miles east of this point, and underlying the sand- 
stones, whitish and purplish clays, and arenaceous-clays occur ; and in 
one place, a small bed of lignite was found.* 

204. On the south side of the Souris Valley, and a short distanee to 
the east of the Valley of Short Creek, the Boche Percöe group of rocks is 
situated. .This locality has already been described by Di\ Hector and 
Captain Palliser, who made a branch expedition to it from the north, in 



• Tho iecUoi» and details of expororee of the Lignite Tetttary rocfci öl thi« pirt «f the Soiy toM^ 
and westward to the 883 mile point, were publiahed in a eepavate form, aa a pjrt of «« BepoitofnqpM 
of Geoloffical Work In oonnection wlth the Boundary OommiflBlon, In 1878. l^er are Iwre rapealed, tn w 
far aeia eMenttal, aa a part of the genenl aectlon on the tortj-ainth .parallel; bettif raarmged «o ai to 
follow the genenl order of deecrlption, trom eeptio wegt» 
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AngiiBt, 1857, being induced to do so by tho reportB of Indians and half- 
breeds.* These romarkable rocks, wkich have long b^en objecto of Buper- 
stition to the Indians inhabiting the surroanding country, owe their 
corioüs foi*ni8 to the weathering awaj of a soft grey sandstone from be- 
low a bed of similai* rock which weathers yellow, and is rendered doi'able 
by an abondant calcareons cement. Both the upper and lower Band- 
stones Bhow false-bedded structore in great perfection; though that in the 
Upper hard portion, is on a »maller ßcale, owing to the thinner divisional 
planes of the ixx;k. The capping sandstone is not haixlened in a perfectly 
uniform manner, but in belts several yai^ds in width, lying parallel in a 
north-west and sonth-east direction, and sepai-ated by spaces more easy of 
disintegration. Thei*e is also a System of cross-jointing nearly at light 
angles to this main direction. 

205. This combination of stinictures has given rise, under the long 
contiuued action of the weather, to the remarkably castellated, fantastic 
and pictui^esque rock scenery of this part of the Souri« Valley. The 
hard belts fonn tongues projecting diagonally ftrom the gitws-covered 
bank, and the erosion of the underljdng soft sandstone, parallel to the 
cross jointö, has, in several places, produced window-like openings 
through them. The soft rock bears in many places, rüde Indian 
carvings, representing vanous animals and birds, strings of bea^, &c. 

206. Short Creek, ah-eady mentioned as an affluent from the south, 
shows many sections of the Hgnite strata. The banks of the stream have 
assumed the most picturesque forms from successiye landslips, and are 
often quite red in colonr fi-om the alteration of the clays by the buming of 
lignites. One of the most perfect sections is on the lefb bank, near the 
cix)S8ing place of the Commission Tml, and extends from the level of 
the prairie almost to the water of the stream. [Plate 4, Fig. 2.] 



IK. 

1. Soü. 1 6 

2. Yellowish ooherent sand, grey externiJly, and holding 

Bome mach broken Unh-Wte Shells at its base. ^ 12 6 

a Grev Clav 2 10 

4. YellowiBn and grayish thin-bedded sands and sandy clays» 

with several very thin ironstone layers, weathering 
orange-red extemaUy 6 

5. Grey <£iy 2 4 

6. Sümlar to No. 4, with deciyed fragments of gasteropodous 

Shells 12 

7. Also similar to No. 4, but with a great number of thin 

ironstone sheets 3 

8. Hard yellowish sandy clay, a few inches at the top carbon- 

aceous 10 
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9. Good hard li^te 2 2 

10. Hard yellowish sandy clay 2 7 

11. Good lignite 4 9 

12. Qreyish Band and sandy clay, ahowing lines of stratifica- 

tion — ^in some places soft and incoherent, in oihen with 
large ooncretions, and sometimes forming a. nearly solid 
Bandstone 9 

13. Hard grey clay 2 

14. Gre3risE-yellow clay with many thin layers of onnge- 

weathering ironstone 3 

16. lagnite 2 6 

16. Greyish and yellowish hard sand and sandy clay 11 

Section concealed by slope of detritos, about 12 
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Small sphcrical foiTUginoos ncxlaleSy resembÜDg bullets, occur in 
considorablo number at the foot of the bank. They have a calcareous 
cement, and ai^e dorived fi*om one or other of the sandy layers. This 
exposui*e is remarkable for tho very gentle gradoation of one bed into the 
next, making it almost impossible to draw lines between them in a mea- 
fim*ed section. * 

207. Sections more or less pei*fect are exhibited in many places in 
the Souris Yalley, a mile or two went of the entrance into it, from the 
south, of Short Creek j and more espocially on the north side of the Valley. 
They show a great similarity, though not absolutely tho same in any two 
places. One of the most perfect exposurcs seen was in the face of a bank 
firom sixty to ^evonty foet high, and consisted of sand, sandy cla};^, and 
hard fine clays, very rcgularly and perfectly stratified, and colonred in 
various shades of yellow-gi'ey, grey, and light drab. At two different 
levels harder sandstone layers of small thickness were seen, and also 
three distinct beds of lignite. The lowest is a hard compact lignite 
resembling caimcl coal in aspcct, and two feet thi*ee inches thick. A few 
feet above this a second seara, eightcen inches thick, occnrs, and still 
higher in the seric», and about half-way uj) the bank, a third, of the same 
thickness. At the top of the bank some large nearly spherical sandstone 
nodales rest, and have evidently been derived from a saperior bed which 
has been removed by denudation. The clays, and arenaceous clays, at 
floveral dilferent levels incliidc remains of moUusca, bat these are very 
fragmentary, having been crushed by the compression of the containing 
material. A species of Urdo is abundant, and remains of gasteropoda 
also occur, though rarely, and in poor pi'esei'vation. 

208. On the opjwsite side of tho Souns Valley — which is here of con- 
siderable width — and not far from the last mentioned seotion, soft sand- 
stone beds, capped by a haixler layer also of sjindstQne, weatber into 
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table-like forms. These beds ai'e doubtless the representativee of thoee 
which, a few miles eastward, produce the Boche Perc^. 

209. Six mile» north from Wood End Depot, on the bend of the river, 
the foUowing section occurs : — 

mf. iir. 

1. Fallen bank, no sectioii, (about) 8 

2. Finely stratified greyisb Bandy day 7 

3. Ugnite : 7 

4. Sandy clav, greyiah, laminated, inclnding two 'leaf-beds," 

each a few inches thick 7 7 

5. YeUowiflh fine sandy day passing below to grey soft sand- 

stone 11 5 

6. Ironstone, a nodnlar layer 3 

7. Grey clay 1 

8. WWtish clay 1 

9. Carbonaceous shale 3 3 

10. Grey clay 3 6 

11. Ircmstone 2 

43 9 

The beds appear to be perfectly horizontal. Those of sand and 
arenaceous clay, though having the appearance of well characterized 
layers at a little distance, and giving the banks a ribboned aspect, are 
found, on closer examlnation, to pass almost imperceptibly into each 
other. This peculiarity is often to be observed in almost all localities 
where these rock» are found. The so-called " leaf-beds " are of a greyish- 
purple tint, and contain many impresssions of flag-like parallel-veined 
leaves, which, though distinct enough when freshly taken from the bank, 
it is impossible to preserve on account of the crumbling nature of the 
matrix. The ironstone, though generally forming extensive sheets, is 
nodular in structui'e, and varies a good deal in thickness. It weathers a 
bright brownish-red, is hard, compact, and very heavy, and on fresh frac- 
ture is bluish to yellowish-gi*ey. 

210. A Short distance south of this locality, the bank shows the fol- 
lowing section very perfectly : — (Plate 3, Fig. 2.) 

IN. 



Prairie sod. 

1. Mixed shale and drift 7 

2. Lignite - 6 ^ 

3. Greyish sandy shale (abont) 4 

4. Lignite 1 Ö 

5. Grevish and yellowish well-stratified fine sandy and shaly 

e*Äy s 

6. Ironstone (nodular) * 

7. Greyish and whitish day 2 

8. Carbonaceous shale 1 

9. Grey soft sandstone 1 8 

10. Lignite \ 9 

11. Grey and yellowish laminated sandy clay o 

12. Ironstone (nodular) 3 
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13. lignite 1 7 

14. GarboDAoeoiu shale 1 6 

15. Lignite 2 2 

16. Grey aandy day 2 

17. Lignite 1 6 

18. Sandy nnderday with large and smaU roote badly pre- 

■crved 1 5 

19. Lignite 3 2 

20. Oreyiah aandy clay 

ö7 7 

The lower lignite beds aro of excoUent quality, firm and compact, 
and in some places show »pota of foHsil i-esin. The sünicture of tho com- 
ponent wood is also in many instancos very plainly apparent. The upper 
lignite lying immediately below the siirface, is soft and decomposed where 
ejrposed, being in many places penetrated by roots fi-om above. Itmight, 
however, provo equally compact with the lower bedä where nndisturbed. 
Layer 18, is one of the few instances in which lignite was observed to lie 
upon an evident underclay with root». The ironstones are specially good 
and compact in this section. Owing to the wearing away of the softer 
fitrata a large quantity of this material 8ti*ews the surface of the hillside. 

211. This section does not seem to correspond at all with the last, 
though sitoated only afew hundred yards from it; and if no fault or 
break in the strata intei-venes — and there is no appearance of any such — 
the horizontal uncertainty of the deposit must be very great. , Fragments 
of a vesicular material, i-esembling scoriaceous lava, are abundant in 
this locality. The substance is produced by the combustion of the lignite 
beds, a phenomenon which receives attention on a subeequent page. 

212. Nearly three miles southward from the last mentioned locality, 
in foUowing up the valley, another very good section occui-s on the 
east side of the stream, where in one of its many devious windings, 
it has undermined the bank. This section is specially interesting, as 
affording one of the best localities for the collection of Shells of Mollusca 
characteristic of the formation. The section is as below, measurements 
being estimated : 



m. 

Sand and aandy clay, straÜfied, and yellowish in general colonr 40 
Lenticular masa of poor clay ironstone, ranning ont rapidly in 

both directiona 2 6 

Oreyaand 2 

SheUbed 1 6 

Lignite 2 6 

Sand and clay 10 

58 B 

213. The Shell bed, is of haitl grey sandy clay, and in some places is 
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veiy fall pf aheUsy which ai*e also less croshed and in a better State of 
presei'vation than is usual in this formation. The most common 
Molluac is Mdania Nebrascenm M. & H., which occurs in all stages 
of growth, and several vaiietal forms. There is also a second species of 
this genitSy or of Ganiobasis; fragments of Unio and PcUtuUna; and a few 
ezamples of Carbula (JPotamamyd) nuictnformis M. & H. The latter 
mnst be considered a farackish- water type, bat wjth this exception, no 
hrackish or salt water forms are foand in these sections of the Som*is 
Valley. The Mollusca exactly resemble those of the Port Union or Great 
Lignite Groap of the Missoori, and fix with certainty the stratigraphical 
Position of the beds here represented. 

214. In the water of the stream, at this place, are several large 
spheroidal sandstone concretions which have a tendency to split into 
layers pai*allel to their flattened surfaces — one of them measunng foar or 
five feet in diameter. These do not appear in the bank, bat possibly may 
have been washed oat of the lower part of the section, which was not so 
clearly shown. 

215. South of the last section, and about one mile nearly due north 
of the Position occupied by Wood End Depot, an exposure, showing the 
moBt valuable lignite bed I have seen in the Souris Valley, is situated. 
The beds are arranged thus :— (Plate 3, Fig. 1.) 

FEET. IN. 

1. Drift material, (about) 8 

2L Yellowiih and grey staitified sandy days, obscnred in most 

plac«B by fllipe of the bank 52 

S. Lignite 7 3 

4. Grey soft arenaceons-clay 1 or more. 

216. The bottom of the lignite is about twenty-five feet above the 
level of the river below, and this part of the section, though appai*ently 
consisting of yellowish sandy clays like those overlying it, is obscui^e. 
The lignite is continuously visible for at least two hundred feet along the 
face of the bank, and seems to preserve uniformity of character and thick- 
ness. Extemally it is often crumbling, and mixed with clay which hau 
penetrated its joints from above ; but where freshly exposed, it is hard 
and compact. It is quite black on freshly fractured surfaces, but has a 
brown streak, and in many places the structure of the original wood 
is still quite discemible. Some surfaces are strewn with ifragments of 
mineral charcoal like that found in many true coals. Other specimens 
are apparently structureless, and resemble cannel coal in appearance, 
though not in composition. The upper beds of ai*enaceous clay yield a few 
poorly preserved Shells (PaZtob'na, &c.) 
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217. On the opposite aide of the river valley, near this place, the 
Upper part of the bank shows a good section of ai'enaceousclay, below 
which, and some fifteon or tweiity feot below the pi-airie level, iö a 
seamof ligniteof good quality, foiir feet in thickness. This lignite bed 
would seem to occupy a position »tratigi'aphically Bupenor to the last. 

218. Somewhat further up the streani, and on the same side of the 
Valley, about sixty feet below the prairie level, and sixteen feet above 
the river, a bed of lignite occurs, of which the upper three feet only are 
visible. The bank above it is not well exposed, but appears to oonBist of 
Sandy clays. The lignite iö of good quality, but much weathered at the 
out-crop. It may very pix)bably represent the continuation of that of the 
last section. 

219. The whole of these deposits, though in some places showing a 
dip amounting to a few degrees in one direction or other, appear to have 
no determinate direction of inclination, but over large areas to be as 
nearly as possible homontal. 

Qap in the Section on the Boundary-Une, 

220. West of Wood End, the Souiis Valley nins north-westward 
along the base of the Ooteau, di verging rapidly from the Boundaiy-liue. 
It loses, at the same time, its abrupt chai-acter, and no sections either of 
Tertiary or Gretaceous i-ocks occur on it for a long distance. In foUow- 
ing the forty-ninth pai-allel, the oscai-pment of the third great prairie 
level is overcome, and it is not tili after having passed through the bro- 
ken Coteau belt, and reached the Great Valley, that exposiu-es of the 
underlying i-ocks are again found. This valley is the most eastem great 
Channel of erosion which ci*osses the Line southward, towards the Mis- 
soui*i, and in it the beds of the Lignite TeHiaiy are exhibited on a grand 
Scale. On the Boundary-line, thus, a space of eighty-two miles from the 
263 to the 345 mile point, is completely shi-ouded by drift deposits. 
There is every reason to believe, however, that the Lignite Tertiaiy 
beds Stretch uninterruptedly between the two localities, and an exposure 
of these rocks, some distance north of the Line, helps to sustain this 
view. 

221. This small exposure of the Lignite Tertiary was discovcred at a 
locality on the meridian of the 307 mile point, but nearly twenty miles 
north of the Line ; where the Trader's Boad to Wood Mountain, in going 
westwai'd, crosses the Souris for the secoud time. Of the rocks at this 
place a very small section is seen, but sufflcient to correlate them with 
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tho8e to the east and west. At the water*s edge, about eighteen inches of a 
bed of lignite appears, the bottom of the bed being concealed. It is 
overlaid by several feet of greyish eandy clay, of rather fine texture. The 
lignite exactly resembles those described as occuiTing at Wood End, 
and in somc placee shows spots of amber. 

222. Between Wood End and Wood Mountain— (Long. 103'' 10' to 
106** 30') — the country was examined on two lines; the filmst nearly 
coinciding with the foiiy-ninth parallel, the second following the Traders* 
Boad above mentioned, and at its furthest northerly point being thirty- 
eight miles from the Line. In describing the geology of this region, the 
general plan of taking loealities in succession westward, will be in so far 
departed from as to allow the description of these in the immediate 
vicinity of the Line, before mention of those fnrther to the north. 

Lignite Tertiary Bocks of the Great Valley, and Pyramid Creek, 

223. In the gorge already refen^ed to as the Great Valley, the beds 
exposed are at an elevation of about seven hundred feet gi*eater than that 
ofthose last seen on the Souris, near Wood End ; and probably at least six 
hundred feet above those of the northem loeality (§ 221.) Their exaet 
relation to either of these stratigraphically, it is, however, impossible 
to determine. The lowest beds seen are curiously banded clays and 
shales ; clay beds charged with plant remains and carbonaceous matter, 
and having quite a purple tint when viewed from a little distance, 
altemating with clays nearly white, and yellowish sandstones. Above 
these is a sandstone layer which though of no great thickness, has 
in several places produced remarkable conical mounds by acting as a pro- 
tecting capping for the softer strata below, the latter forming slopes 
or nearly perpendicular steps, accoiniing to their relative hardness, 
which, taken together with the distinctive colouring of the beds, 
giveö a veiy striking aspect to the scenery. Plate 6, which is 
accurately copied from a photograph, gives an idea of the peculiar 
weathering of these beds. Above the sandstone capping of this lower 
part of the section, is a great deposit of sandy clays and concretionary 
sandstones, among which three beds of lignite of various thicknesses 
are intercalated. The beds are almost horizontal, but undulate at low 
angles, and the valley of the stream appeai's to occupy, in the main, the 
centre of a shallow syndinal fold. 

224. The Upper part of the section in this valley consists of at least 
100, and probably 150 feet of clays and argillaceous fine sands of greyish 
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and yellowish-grey coIoutb, and well stratified. They contain thin leaf- 
beds at seVeral different levels, which are prominent from their grey- 
purple tint; but though oontaining very many dicotyledonous and 
ilag-like leaves, from their soft and crumbling nature, they do not yield 
determinable speeimens. 

225. This part of the section also includes at least three lignite beds. 
The highest of theae is about 140 feet above the base of the section, and 
three feet or more in thickness. It woald appear to be of fair qnality, 
thoiigh much decomposed and quite crumbling at the out-crop, flrom the 
action of the weather. The next h about 120 feet above the same datam, 
and can be traeed a very considerable distance along the face of the bank, 
It is five feet in thickness, but includes, where examined, several thin 
layers of carbonaceous shale ; and, though of good quality in plaoes, does 
not appear "to have the same uniformity in the various layers that is 
generally found in the coals of this region. The lowest lignite is some 
seventy-five feet above the base of the section, and is only a few incfaes in 
thickness. 

226. The complete section may be thus represented : — 

FBIT. IN. 

1. Upper pArt, yellowiBh Bands and clayB, Ugnites, &c 150 

~ 2. H!jutl grey and yeUowish, Bomewhat falae-bedded sand- 

stone, fonning a " cappin«; rock ** to beda below (about) 3 

8. Greeniah-yellow, thinly bedded fine eand 15 

4. Soft yellowiak sandy clay 2 4 

5. Greyuh and yellowish hard bedded clay 2 6 

6. Blackish thin-bedded clay or shale with plant remains. . . 5 

7. Greyiah thin-bedded clay, becoming darker towuxl the top 

(pUat remains) graduating into next bed 10 

8. Hard, pale-brown, compact day, with very few plant re- 

mains ; 1 4 

9. Hard, whituih clay, with some plant remains, and a scat- 

tered layer of heavy ironstone balls about a foot from 

the top 9 

10. Thin-bedded greyii^ and blackish hard clays, with leaves, 

and some smaU groups of selenite ciystals 7 

11. Fine-bedded clay filled with leaves and plant remains, 

hard and rusty in the Upper portion 1 8 

12. Grey hard sand, with cbarcoal-like fragments in some 

places 3 

18. Ironstone with many phuit remains, mostiy sedge-like 

blades 3 

14, Soft grey clay 



210 1 



227. In certain parte of the upper portion of this section, the 
remains of Mollusca occur in some abundance, but in a v^iy bad state of 
preservation. By diligent search, however, some speeimens of Melania 
NehroicensU were obtained \ and also of a peculiar angular Ptüudina of 



ORBTAGXOUS AND TERTIABT— PTRAHID OBXEK. 95 

the type of Paludina ( Vivipara) trocUformiSy M. & H. No shelte, other 
than those of purely fresh waters, were found. . 

228. The lower paii; of the section formB a group well distinguished 
by it8 colour and the perfection of ita stratification from the upper, and 
often endares, protected by its hard Bandstone (No. 2), when the more 
ciTimbling npper division has been removed. The plant remains, though 
occuiTing more or less throughout the whole section, are best preserved 
in the lower purplish layera. They eonsist ehiefly of leaves of dicoty- 
ledonous trees, which appear to have fallen when matore, in the conrse 
of natui*e, and with the change of the seasons, and iloated without 
violence to the great lake in the fine silty deposits of which they haye 
been preserved. Populus, Oirmanwmwn, QuercuSy and other forms, are 
represented. Leaves and small bmnches of coniferous trees, referable to 
Sequoia Langsdorfii, and Qlyptostrobus Europeus, are particolarly abonr 
dant at this place. Details conceming the fossil plants of the Lignite 
Tertiary, will however, be found on a subsequent page. 

229. Many of the crambling hill-tops in this Valley have a brick-red 
colour resembling that seen in parts of the Souris Yalley, and due, as 
there, to the combustion in situ of the deposits of lignite. The slag or 
clinker produced by this action is also found here, though it was not 
observed actually in place. 

230. The next stream crosses the Line at the 351 mile point; it also 
fiows through a deep Valley of erosion, and mf|r be called Pyi'amid Creek,. 
from a remarkable pyramidal hill formed of the usual clays and sands, 
capped by a portion of a layer of hard grey sandstone, the cement of 
which is calcareous. It has a tendency to break into large quadi*angular 
masses along intersecting jointage planes^ and shows conspicuous false- 
bedded structure. Below this is a thickness of about fifty feet of rather 
incoherent fine yellowish sand sometimes argillaceous. This, pro- 
ducing a sloping bank, is not very well seen, but constitutes about 
one-third of the thickness of the beds exposed in this valley. The middle 
third consists of soft cinimbling sandstone or compact sand without any 
apparent cementing matter, and of which the constituent particles are 
rather coai^se ; contrasting strikingly in this respect with the overlying 
material. It shows evidence of having been deposited by water in rather 
rapid motion, through its entire thickness, but the false-bedding is veiy 
definitely cut off at many difRßrent horizons by perfectly horizontal 
planes, above which it agaln commences. The weather acting on these 
beds causes the hill sides composed of them to assume a well-marked 
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terraced appeai*aiice, on a small Bcale, each honzontal break pixxlucing a 
terrace level, The samUione contains here and there a few poorly- 
preserved shellH, among which ean be recognb&ed two speeies of Melania, 
fragments of Paludina and of Unio, In one place a layer of ironstone, aboat 
three inches thick, is seen to run for some distance. The most notable 
featore, however, of this pai-t of the section is the remarkable ooncre- 
tionary character of some layei*» of the sandstone. The concretions are 
hai*d, and of all shapes und sizes. They are gonerally spherical or sphe- 
roidal, and two or more of them are often confluent, forming dumb-bell- 
like masses or more or less coutinuoos sheets of a lampy character. Many 
ai*e long and root-like, and project in a Singular way from the bank. 

231. The lower third of the section in this valley is — as seems often 
to be the case with the lower layere of these rocks, — ^much more clearly 
defined, and divided into thinner beds in which dark coloui*s pi-edominate. 
Xltogether the section here much resembles that seen in the last gi*eat 
Valley ; the lower beds of this probably coiTespond with the purplish 
leaf-beds there, and the great thickness of sands and sandBtones above, 
correspond in a geneml way ; though in this place they differ in the 
absence, so far as could be ascertained, of beds of lignite. The layers of 
hardened sandstone must also in this case occapy diiferent horizons in 
the two sections, but this is not to be wondei'ed at, when the extremely 
local, and indeed often nodular character of the Induration is cousidered, 
and the fact that it merely depends upon the introduction of a small 
Proportion of calcareous cement among the particles already eompacted 
by pressure. 

232. The whole section in P^-ramid Valley may be i-epresented thus : 

FKR. IN. 



1. Hard cappine saadstone, (sevenJ feet) 

illowisü Sandy beds, f onainff i _ _ 
3. Soft sandstone, grey, fidse-beddea, (about)r 50 



2. Soft yeliowisü sandy beds, f onning a sloping bank, (aboat) 50 



4. Stratified Sandy clay 3 

5. Purplish plant beds with thin layers of lignite, and mach 

selenite in thin sheets, isolated crystals and stellar 

groaps 3 

6. Lignite, with many spots of amber 1 6 

7. Parplish bed, with a few plants 2 

8. Grey slightly coherent sand, with nodales of arenaceous 

selenite crystals 4 

9. Parplish bed, with obscure remains of leaves 1 

10. Incoherent arenaceous clay and sand 7 

1 1. PurpUsh-grey arenaceous clay, with obscure plant remains 

and some fossil wood 3 

12. Brownish clay with f erruginous layers 6 

13. Lignite 1 

14. Brown earthy bed 6 

15. Grey somewnat coherent coarse sand, with argillaceoas 

matter 12 

About 144 
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The rockn ehow no well marked dip, But appear to undulate ßlightly 
at veiy low anglen. 

233. The occurrenco of gypsum as selenite was obßei*ved, here and 
el»ewhere, to be nearly always m association with plant-beds, and gener- 
ally with those holding many halfobiiterated vegetable remains, and of a 
pni-plish shade. This aBsociation is not accidental, bat bi*ought about by 
the action of the incladed vegetable matter, which when still under- 
going decomposition, would faeilitate the deposition of iron pyrites by 
the deoxidation of iron Compounds in presence of organic sulphur Com- 
pounds/ The porous character of the plant-beds, at a subsequent period, 
would allow the passage of surface waters containing oxygen ; leading to 
the decomposition of the pyrites, the formation of sulphuiic acid, and by 
ita action on the clays, of selenite or calcic sulphate. 

234. A few miles west of Pyramid Creek several hills are capped 
with heavy and hard sandstone beds, a feature quite exceptional in a 
country so gently undulating. These do not ap])ear to be perfectly hori- 
zontal, but have a slight dip to the west. They may be equivalent to the 
capping sandstone of the Pyramid Hill, but more probably ai*e yet higher 
in the series. 

Ten miles west of Pyramid Valley, in the upper pai*t of the valley of 
another stream, yellowish and gi'ey stratified sandy clays, are again seen, 
bat are not perfectly exposed. 

With the exception of this oxposure, the anderlying rocks are 
nowhere clcarly viniblc in the vicinity of the Line from Pyramid Valley 
to Poi-cupine Creek, a distauce of about thirty-tive miles. One very con- 
siderable stream is crossed about midway, but its valley is wide, and with 
gently sloping banks. Highlands appear to the north, and may 2)0ssibly 
show sections of strata overlying those seen in the banks of the sti^eams, 
but I was unable to reach them, the ground, esjwcially in the vicinity of 
these highlands, being covered with snow, and the time at my disposal 
limited. 

Lignite Tertiary Rocks of Porcupine Creek. 

235. In Porcupine Oreek and the tributary vallies, many partial 
sections occur. Lignite is seen in three places near the Line, and just 
above the level of the brook in each instance. Thö exposures seem to 
belong to the same bed, and if so, nearly a mile of its horizontal extent 



98 B. N. A. BOUNBA&T COMHISSION. 

can be ti*aced. The lignite and associaied beds undulato slightly in all 
the soctions, the formei* docroasing from four feet in thickness in the 
moßt northem bank, to one foot in that furthest south. The ovorlying 
rocks consist of yellowish and grey sands aud clays, well stratified, and 
much resembliug those ibrming tho upper port of the »ection in the Great 
Valley. (Plato IV., Fig. 3.) 

236. The best exhibition of these strata was obtained in a bank abont 
forty feet in hoight, on removing tho decomposed material from the sur- 
Äce. The soction was earefuUy measured as follows : — 



1. SoiL 

2. Quartzite drift, several feet. 

3. . Soft ffreeniah aandy clay, 2 feet or mora 

4. Soft blackiah clay 1 6 

5. RuBty crumbling «andy clay 6 

6. Grey clay, with some plant remains 9 

7. Grey clay, with well preserred dicotyledonous leave« .... 1 8 

8. Impure ironstone in concretions 3 

9. YeUowiBh sand and sandy clay, with obscure plant 

remains . . 9 

10. Greyiflh and yellowish fine Bandy clay 1 3 

11. Scattered layer of small ironstone baUs 

12. Grey fme Bandy clay 1 

13. Ruaty layer, with crumbling plants 3 

14. Grey sand 4 

15. Detached masses of lignite slfbwing the form of flattened 

tree trunks, about 4 

16. Yellowish -grey fine sand 6 

17. Grey clay, with plant remain«i 4 

18. Lignite, not of best quality. The grain and form of com> 

pouent wood generally clearly perceptible. Bed undu- 
uiting slightly. 3 to 4 feet. 

19. Soft grey arenaceoua clay, 1 to 2 feet. 

About 31 

237. The vegetable remains imbedded in the rocks overlying the 
lignite, are mostly those of deciduous trees, and in certain bed» are vcry 
perfectly presei-ved. Lignite from this section was used for camp fires, 
in the absence of wood, but did not burn vevy fi-eely, as it was taken 
damp from the bed, and piled on tho gi'ound without any provision for 
draught from below. 

238. The most interesting and important section, howover, in thie 
region, is that which occui's in a valicy joining that of Porcupine Oeek 
from the wost, exhibiting a bed of lignite oightoen feet in thickness, 
and yielding also somc of the moät pei*fect and interesting i-emains of 
plant». The bank in'which this out-cTop is situated is over half-a-mile 

outh of the Line. The beds ai'e aiTunged thus : — (Plate V.) 
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Fignre 1— Porcnpine CreeL (S 238.t 



Figure 2— Porcupine Creek. (g 240. ) 
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ntET. Uf. 

1. Snrface soll 1 

2. Quartzite drift 1 6 

3. Yellowiah and grey Bandy clays, well stratiiied, batsome- 

what soft, about : 9 

4. lignite 9 

5. Banded clays, yellowish, grey .and purple, witii well- 

preserved remains of plante, and in^some layers inuch 
crystalline sypsum ' 5 

6. Lignite, weathering soft, some layera laminated, otiiers 

rotten and brownish; forma a steep slope. 10 

7. Lignite, hard, compact, horizontally laminated, but also 

breaking into large cubical blocks along vertical planes 8 

8. Soft grey sandstone mach jointed, and breaking out in 

pieces bounded by plane f aces, some vertical and othera 
oblique ; holds root-like remains and gives issue to 
Springs of water 5 

40 3 

Though uudulating a Utile, the strata have no truo dip, and are an 
nearly as poBsiblo horizontal on the large scale. 

239. The lower part of the lignite bed is very compact and tough 
under the pick, and holds in some layera many drops of amber. The 
jointage planes fonn a conspicuouH feature, and were not notieed in any- 
thing like the eame peifection, in other lignite bede examined. They 
cause the coal to break off in large cubical pieces which lio in the Htream 
at its base. Some of them show thin seams of white gy])Bum, and in one 
caöe a thin film bf iron pyrites waö detected, being the firat appearanco 
of this mineral in connection with these lignite deposits. 

240. This section also exhibits the first instance of diHlocation, ob- 
served to effect the Lignite Tertiary foi-mation. ffhe eighteen-foot lignite 
and associated strata, are seen to have been brought to their present 
Position by a downthrow fault, on the other side of which their place is 
taken by underlying sandy clays. , (Plate V., Fig. 3.) 

241. The southern side of the Valley, opposite thi« groat lignite bed, 
is broken down, and forms a gentle though irregulär slopc, which is 
encumbered by many large, strangely shaped and colourod blocks of 
stone, much harder than any rocks occurring in the noighbourhood, 
and in pieces larger thap the erratics found in the region. They 
proved on inspection to consist of masses of beds such as thoso associat^sd 
with the lignite, but indurated by its combustion, which has also caused 
the inteiTuption in the edgo of the valley. About a fourth of a mile 
east on the same valley the great lignite is again exposed, and apparontly 
in much the same development and association. 

242. The plants in layer 5, are in a beautiful State of proservation, and 
when the clay is filmst split ojwn, show every vein-mark in perfection, not 
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only in the larger and coaraer leaves but in delicate fems, which are here 
unosaally common. The matrix is, however, nnfortanately very soft ; it 
crnmblee eaaily, and tends to crack on drying. A considerable number 
of specimens of fosBÜ piants from the vicinity of Porcupine Creek, have 
been pieserved, though all in a moro or iess shattei^ed condition. They 
are in the main identical with those of the Foi*t Union gi*oup, and inclnde 
Olyptostrobus Europeus, Seguoia LangsdorffH, Thuja interrupta, OnocUa 
sensibiUs, and one other species of fem ; and examples of the leaves of 
many deciduoos trees. For the identification of these fossils, and the 
notes on them which appear in a subBequent cfaapter, I am indebted to 
Principal Dawson. 

No molluscous remains were found in any of the Porcupine Creek 
Bections. 



Liijnite Tertiary Rocks on the Traders^ Boad to Wood Mountain, 

243. Tiie fui-thcBt west of the sections in the vicinity of Porcupine 
Creok — that in which the eighteen-fbot iignite occurs — ^is situated near 
the 393 mile point on the Line, and lies about thirty miles south-east of 
the trading settlement of half-breeds known as Montagne de Bois, Wood, 
or Woody Mountain. The point above indicated was the teiminal one of 
the geologieai work of the season of 1873. Beverting now to Wood Bnd, 
on the Souris Eiver, the exposui'es of Lignite Tertiary rocks on the Trad- 
ers' Boad to Wood Mountain — which nins nearly parallel with, but to 
the north of the Boundäry-line — require a brief notice. 

244. The section firat met with is that ali*eady described as filling a 
gaj) in the sequeneo on the Line (§ 221.) Westwaixi for about ninety 
miles, no beds underlying the diift and surface deposits are seen in the 
vicinity of the Tradere* Boad. Beyond this point, however, for the re- 
mainder of the way to Wood Mountain — about thirty mile» — many more 
or Iess perfect exposures of the rocks of the Lignite Tertiary occm*. 

245. The road here follows along the northeni slope of the water- 
shod plateau, or occasionaily crasses over one of its projecting spurs. 
The whole i*egion appears to be formed of rocks of Tertiaiy age, against 
which the drift deposits of the northenn extension of the Coteau, eise- 
where more fully described, are found to lie. 

246. The north-eastem exposure of this series is formed in a steep 
wooded hill, which forms the salient angle between two of the broad flat- 
bottomod vallies, so common in this region. The section consists of alter- 
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nations of sand and arenaceoQs clay of light-grey and drab colours, the 
different layers not well defined. No haixl sandstone layei*8 crop out, and 
the whole of the beds are of a veiy soft and unconHolidated natiire. A 
seam of impui*e lignite, two feet in thicknesB, occiirs. It is soft, brown in 
colonr, and holds mach Bandy matter. Selenite crystala ai*e abondant, and 
some thin layera of ironstone are also found. The whole appears to be 
quite horizontal, and the thickness more or less perfctly displayed, must 
be over 150 feet. 

247. The remainder of the sections from this point to Wood Moun- 
tain do not present any features of much interest, and resemble pretty 
cloeely that just described. Tellowish-gi'ey, greyish, whitish, and di-ab, 
soft arenaceous claySj and sandstones, appear with unvarying monotony 
in all the Bcai*ped banks of the vallies, which here ramify in every direc- 
tion. No fossils, exeept the badly preserved remains of plantfi, were 
found, nor were lignites of any importance observed, though some of the 
men on a hunting exeursion, some miles south of the road, brought back 
samples of a fair quality. 



CHAPTEB V. 

CRETACEOÜS AND TERTIARY ROCKS OF THE VICINITY OF THE 
FORTY-NINTH PARALLEL-WOOD MOUNTAIN TO THE 

ROCKY MOÜOT?AINS. 

LiONTTR Tertiary Rocks near Wood Mountain — Sections in Bad Lands South 
OF Wood Mountain— Nature of Bad Lands— DivisionB of Section— Foflsil 
plants — Vertebrate fossils — Sections West of thb Bad Lands to White 
MuD River— Cretaceoua No. 4— Fosaila— White Mud River— Cretaceous 
Nos. 4 & 5. — Relations of beds, White Mud River and Bad Land»— Sections 
West of Wood Mountain Settlbäient to White Mud River— Bayof 
Cretaceoua Rocks — Tertiary Platean — Cretaoeous No. 4. with fossils — White 
Mud River to Milk River— Cretaceoua piain — Tertiary Plateau— East Fork 
of Milk River — Section near West Fork oi Milk River — Aae of Beds exposed 
— Cretaceoua piain — Milk River Valley — Sections in Muk River Y^ey — 
Upper arenaceous clays, &c. — Sandstone 2k)ne — Lower arenaceous clays, &c. — 
Milk River to thb West Butte— Sections North of East Butte— Nature 
and height of the Buttes — East Butte— Igneous rocks of the Buttes — Middle 
Butte— West Butte — West Butte to the Rocky Mountains— Syndinal west 
of West Butte — First Brauch Milk River — Vertebrate fossils — Seoond Branch 
Milk River — Presh Water deposits — St. Mary River — Disturbance of Beds— 
Coal Bed — Marine Fossiliferous Beds — Exposures nearest the Mountains— 
South Fork of Belly River. 



Bocks near Wood Mountain, * 

248. In the immediate neighbourhood of the haif-breed settlement of 
Wood Mountain, no good exposures were observed. Where rocks were 
Seen, they were generally hard greyish sandstones, which protrude here 
and there in the sldes of the hüls, and banks of vallies, the softer 
intervening beds being concealed. These sandstones no doubt belong to 
the Lignite Tertiary, and probably oceur at several diflTerent hoiizons. 
They have much to do with the definite shape of the watershed plateao, 
which but for them would piobably have been but a diifase ridge. 

249. South-west of Wood Mountain, on the ti-ail used by the half- 
breeds of that place in going to Fort N. J. Tumey — ^a trading post south 
of the Line — ^ravines cut in the southem edge of the water-shed plateau 
show occasional sections of the Lignite Tertiary rocks. At nineteen 
miles from Wood Mountain, by odoraeter, the edge of the plateau is 



* The name Wood, or Woody Mountain, is sometimes uied to dosiprnate the whole, or an indefinite 
part, of the Tertiiuy watorshed plateau. It is here reetricied to fhe hal^breed settlement and its Imme- 
diate vicinity. 
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reached, and a few miles further od, the trail crosses the junction of the 
Tertiary and Cretaceous, and passes out on a lower level piain based on 
the latter formation. Near this place, an exposui'e bHows several seams 
of lignite, one of whioh appeared to be of good quality and considerable 
thickness, though not sufficiently well exposed for meaßurement. This 
bed tnms out fix)m the bank in which it oceurs, a copious spring of cold 
water, with a very slight feri'uginous taste. The assoeiatod beds are 
thick arenaceous clays of purpKsh-brown coloui-; soft, and eontaining 
some selenite in crystals. 

Bectums in the Bad Lands South of Wood Mountain, 

250. The most instruetive seetion, however, in the Wood Mountain 
region, lies twenty miles south of the settlement of that name, on the 
forty-ninth parallel near the 425 mile point from Eed River ; here beds 
undoubtedly belonging to the Lignite Tertiary formation, — whieh, east 
of this locality, has covered so great an area of country, — ^are found 
clearly siiperposed on indubitable Cretaceous rocks. The exposures are 
numerous, and are produced by the sü-eams flowing from the southern 
escarpment of the water-shed plateau, above referred to, which has here 
been gashed by their action into most ruggod Bad Lands, 

251. This term has attached to it in the westeni regions of America, 
a peculiar significance, and is applied to the rugged and desolate country 
fbrmed where the soft, clayey Tertiaiy fonnations are undergoing i*apid 
waste. St^ep iiTegular hills of clay, on which scarcely a trace of 
Vegetation exists, are found, separated by deep, neai*ly perpendicular- 
sided, and oflen well nigh impassable vallies ; or, when denudation has 
advanced to a ftirther stage — and especially when some more resisting 
Stratum forms a natural base to the clayey beds — an arid flat, paved 
with the washed-down clays, almost as hard as stone when dry, is 
produced, and Supports irregulär cones and buttes of clay, the remnants 
of a former high-level plateau. Denudation in theso regions, proceeda 
with extreme rapidity during the short period of each year, in 
which the soll is saturated with water. The term first and typically 
applied to the newer White River Tei'tiaries of Nebraska, has been 
extended to cover countiy of similar nature in the Lignite Teiüary 
regions of the Upper Missouri, and other Tertiaiy areas of the west. 
In the Bad Lands, south of Wood Mountain, the hills assume the form 
of broken plateaus; degenerating gradually into conical peaks, when a 
harder layer of sandstone, or material indumted by the combustion of 
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lignite beds, forma a resistant capping. Where no such protection is 
afibitled, rounded mud-lumps ai*e produced from the homogeneonB 
arenaeeoud clays. Waste proceeds entirely by the power of falling rain, 
and the sliding down of the half-liquid clays in the period of the 
melting Hnow in spring. The clay hüls are consequently fuiTOwed 
fVom top to base, by innumerable nmnels converging into larger 
f^iri'ows below« The small streams rapidly cuttiug back among 
these hüls, have formed many nan-ow steep-walled gullies, while the 
larger bi^ooks have pixduced wide flat-bottomed vallies at a lower level, 
in which the streams pursue a very Serpentine oourse. Denudation is 
even here, however, still going on, as from the fVequent change in 
the Channel of the stream, it is constantly encroaching on the banks 
of the main valley, undercutting them and causing landslips. The 
method of the immense denudation of Tertlary beds, which is proved to 
have taken place over the area of the westem plains, is explained by 
the degi-adation still going on in this way along their present borders. 

252. The general section at this place, which though not exposed as 
a whole at any one spot, is remarkably clear; is naturally divided into 
four parts. 

Taking first the highest bed seen, the order is as foUows (Plate YII., 
Kg. 2.) :- 
a. Yellowish sand and aranaeeous clay, sometimes indurated in certain 

layers and forming a soft sandstone. It forms the flat plateau-like 

tops of the highest hüls seen. Ähout 50 feet. 
ß, Clays and arenaceous-clays, with a general purplish-grey colour when 

viewed from a distance. Ahout \Wfeet. 
y. Yellowish and rusty sands, in some places approaching arenaceous 

clays, often nodular. Ahout SO feet, 
9. Greyish-black clays, rather hard and very homogeneous, breaking 

into small angular fragments on weathering, and forming eaiüiy 

banks. Ab(mt 40 feet seen. 
The whole of the beds appear to be conformable, and disregarding minor 
in^egularities, are quite horizontal to the eye. 

253 The clays and arenaceous clays of the Upper part of Division 
ß. are very regularly bedded, and include a lignite-bearing zone. Three 
lignite beds, of fi-om one to two feet each in thickness, were observed, but 
they are separated from each other by rather wide clay partings, and are 
not pure or of good quality. A bed rieh in the remains of plante, 
immediately overlies the upper lignite. It is composed of a very fine, 
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Orut V»lley— WestheriDg t,l Lignite TertUry beda. (g 223.) 
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and nearly wbite indurated clay, in which the most delicate stractures 
ai'e perfectly preserved. Fi'om it« soft and crumbling character, it is 
almost impossible to obtain or keep good specimens ; but, in the fitig- 
ments which were presei'ved, a few very interesting plants appear. Of 
these, some are chai*acteristic of the Fort Union group, and identical with 
thoso of Poi-cupine Creek. The association of remains is that of a fresh- 
water pond or lake, and a fine new species of Lemna occurs abundantly. 

254. In the lower portion of this division, the beds ai*e niore 
sqmbre in tint, and little differentiated by colour, which elsewhere 
oflen renders the stratification apparent. They contain some layers 
of sand and sandstone, which show mueh false-bedding and current 
stiiictiire, and sometimes termihate suddenly with abi*upt undulations. 
In some places, sofficient calcareous cement has been introduced among 
the grains to form hai'd sandstones, bat their thickness is never 
gi'eat, nor do they extend far. Mach ii-onstone occurs in thin nodular 
layers, and some selenite. About one-third fi-om the base of this division 
a bed was found, in which curious fruits have been pi*eserved, referable 
to a new species ofjEsculus. (Plate XVI., Figs. 8 and 9.) 

255. The most interesting feature of this part of the section, 
however, is the occurrence of the remains of vertebrate animals. They 
are found exclusively in the lower portion of this division, and most of 
them below the fruit-bed just mentioned. They are generally closely 
connected with the ii-onstone layers, and are often themselves impregna- 
ted with that substance. They are also, unfortunately, apt to be attached 
to the ironstone nodules, or incorporated with thera, and traversed by 
crack-lines, in such a way as to render it difficult to obtain good 
speeimens. A more prolonged search among these hills, than I was able 
to make, would, however, no doubt result in the discoveiy of localities 
where the i*emalns are more abundant and in better preservation. 

256. Pi-ofessor Cope has kindly examined the vertebrate fossils 
obtained in connection with the expcdition. Those from this place 
include fragments of severel, species of tuii.les, scales of a gar-pike, and 
broken bones of dinosaurian reptiles. Of the turtles, two are new 
species, to which Professor Cope has given the names — Plastomenus 
costatus, and P. coalescens — and there are portions of species of Trionyx 
and Campseniys. The gar-pike belongs to the genus Clastes, and of the 
dinosaurian remains, though mostly too fragmentary for determination, a 
caudal vertebra resembles that of Hadrosavrus, 

257. Division 7., the lower series of yellow sands and arenaceous 
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cla^'8, is a mucli better defined member of the section than Division a. 
It ifl exposed chiefly in the banks of tlie ömaller ravinee, biit also in the 
Upper pai-ts of those of the main brooks. The nodules which it contains 
ave large and irregulär, but often appmach more or less closely to a 
spherical form. They ai*e arranged in horizontal lines in the exposures. 
No fossils were found in this part of the ßection. 

258. The line of Separation between divisions y. and ^., is quite 
well-marked by the change in colour. The latter shows scarcely a 
trace of stratification lines. I was very anxious to obtain fossile from it, 
but succeeded only in collecting a few small fragments. They, however, 
indicate pui^ly marine conditions; and one of them is referable to the 
genus Leda or Yoldia. The identification of the horizon of this bed doea 
not, howevever, depend on such slight grounds a« these, as it was 
aftei-wanls traeed westwaixl, and found to be continuous with well-marked 
fossilifcrous Ci'etaceous rocks. 

259. Divisions o. and ß. of this section, clearly belong to the Lignite 
Tertiary. They probably represent, however, merely the lower layers, 
and differ somewhat in lithological chai*acter and aiTangement, from 
those Seen at Porcupine Creek, thii*ty miles east of this place, and at 
other localities still fui'ther eastwaixi. These beds, no doubt, belong to a 
lower part of the series than is exposed in any of the sections examined 
between this locality and the Missouri Coteau, and are probably also 
older than any of those fouhd in the Souris Valley. The beds described 
as occurring on the trail 'south of Wood Mountain, (§249) belong to 
about the same horizon, and it is probable that those seen in some places 
on the Traders' Eoad, may not be much higher up in the seriös. It would 
appear that the conditions most favoui'able to the formation of deposits 
of lignite, did not occur frequently or continue long in the eai'lier stages 
of the formation in this locality. 

260. Division i. being certainly Cretaceous, it only remains to 
classify division y., which is so markedly diflferent in character from the 
beds above and below it. This bed, I believe, represents group No. 5, of 
the Cretaceous ; or the Fox Hill group of Meek and Hayden. It was 
frequently observod at other places further wost, and its relations will be 
more fully discussed in the sequol. 

261. The Lignite beds occuiTing in division ß,, have been bunied 
away over great ai*eas in this region. Numerous red-topped hills are 
seen, the capping being composed of indurated clays and sandstones, 
often with much the colour and appearance of red brick. The tops of 
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these hüls are all nearly on the same plane, and this, if traced back into 
some of the larger hüls and edges of the plateau, exactly coincides with 
the zone there still containing the lignite. The beds, as there exposed, 
however, seem hardly of sufficient thickness or importance to cause an 
alteration of the strata so extensive as has taken place. It is possible, 
from the irregulär nature of these deposits, that over the areas destroyed 
bj combustion, the lignite has been thicker and of better quality, and that 
the fire may have been unable to extend itself into the thinner portions 
of the bed, where it is separated by clay partings and covered by such a 
great thickness of other deposits. The combustion must have taken place 
ages ago, as isolated red-topped buttes now only remain to mark what 
must have been the level of the piain at that time. (Plate VII., Fig. 1.) 

It will frequently be necessary to refer to this typical section, in 
discussing the Ci"etacooas and Tertiaiy rocks further west. 

Cretaceous and Tertiary Bocks South of Wood Mountain Plateau^ 
and between the Bad Lands and White Mud Biver. 

262. On proceeding westward along the Line from the sections 
above described, oue passes over Cretaceous beds, while the southeiTi 
edge of the Wood Mountain water-shed plateau — ^which is here co- 
extensive with the edge of the Tertiary — follows a more or less nearly 
parallel direction at a distance of ten to fifteen miles to the north. 

263. The sombre Ci'etaceous clays of divisision 8,, may be traced 
almost continuously for a distance of about ten miles. Lower beds are, 
however, exposed, fromjthe ^eneral slight easterly dip of the rocks ; 
which is proved by the fact that the sombre clays, though first seen in 
the bottoms of the vallies, soon form the whole substanee of the hills. 
They attain this position much more rapidly than the slight westward 
slope of the sui'face of tlie country at this place, will account for. 
About ten miles westwaixi, near the crossing of the forty-ninth parallel 
and trail to Fort N. J. Turaey, where the Wood Mountain Astronomical 
Station was established, good exposui-es of these rocks are again found in 
the banks of the Valley of a large brook. On careful examination they 
were found to contain fossils, and specimens of Baculites compressuSy 
B. ovatus, and other forras characteristic of Meek and Hayden's 4th, or 
Fort Pierre group, woi-e obtained. This horizon is also indicated by their 
position relatively to the Tertiary, and their lithological character. 

264. The rock is a soft clay-shale, which though fine, and regularly 
stratified, from its homogenious character hardly shows traces of its 
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bedding. It crumbles down into earthy banks, which, however, in some 
places, exhibit prominent nodular bands of iroustone, and in connection 
with the^e the fossils are, for the moat part preserved. They are usnally 
completely imbedded in the Ironstone and fiUed with it, though the 
concretions must have been formed some time afber the deposit of the 
clay, as the larger Shells are frequently crushed. The BactUites still 
retain to a great extent, their original nacreous lustre and play of coloor. 
The ironstone nodales are often septarian, and from the rapid removal of 
the clays by denudation, their fragments strew the surface in abundanoe. 
selenite is diffosed in small quantity through all pai-ts of the beds. 

2Ü5. Taking into aceount the difTerence of level between this 
locality and that of the section in the Bad Lands, the clays here seen 
must be at least 200 feet below the base of division y, The sombre 
Cretaceous clays of these localities resemble a good deal in lithological 
chai'acter the beds of the Pembina Mountain gronp, and they also hold 
the same i*elation to the overlying Lignite Tertiary series, as that assigned 
to those deposits. They diflPer chiefly in being less Consolidated and 
darker in coloui*, and in foi*ming when weathered a cmmbling bank of 
earthy appearance, rather than one of somewhat sharp-angled shaly 
fragments. The scarcity of fossils in the Pembina Mountain secüons, 
prevents any instructive palceontological comparison of these beds with 
them. It must be remembered too, that probably at least several 
hundred feet of the upper part of the Pembina Mountain group, was no 
Seen on the easteni margin of the basin, and it is this very part of the 
series which must be represented here. Taking^ into aceount, however, 
the great distance separating the ezposures on the eastern and western 
margins of the region covered by Tertiary, the lithological and structural 
resemblance of the deposits is quito as close as could be looked for, even 
in an area characterized by such wide-spread simllar conditions, a^ the 
interior plateau of the continent. 

266. Westwaid from these sections, the continuity of the Cretaceous 
clays in the vicinity of the Boundary-line, is indicated by ocx^assional 
small exposures, and at a distance of thirteen miles, a tolerably good 
exhibition of the rocks again occui*s. They are now found to i'esemble 
veiy closely the clay-shales of the upper part of the Pembina Mountain 
series, and to differ to a coiTCsponding extent from those last de- 
scribed. They ai*e fii*mer in texture, and lighter in colooi*, and are 
ti'avei'sed in all directions by rosty-faced cracks. The peculiar 
small rusly fucoidal markings, ali-eady more thau onee reförred to, 
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are also abundant, though other fossils ai*e extremely scarce. A few 
impresBions resembling fish scales, but very obecui'e, were found; 
also a Single specimen of BaxmUteB compressus, being a cast of the interior 
of the Shell in soft ironstone, with the impression« of two gasteropodous 
Shells, which had fhllen into its outer Chamber. One of the latter is 
of naticoid type, with a short spire, and few volutions rapidly increasing 
in size. Not a ti-ace of the calcareons substance of any of these fossils 
remains ; and the clay-shale shows in many places, obscure impressions, 
which apparently mark the former positions of other calcareons fossile, as 
in the shales of the Pembina Mountain series. The fact that two Shells 
of different speeies, were eaught up in the body-chaijiber of the single 
BacuHte, which owed its preservation to an ironstone concretion, taken 
in connection with the indications just mentioned, would tend to show 
that organic remains were originally somewhat abundant, but that they 
have been removed by chemical action in the way already noticed. 

26t. Selenite in small crystals abounds, and is generally found 
filling the lines of fissure. Well-marked white bands indieate the 
the stratificatiou lines in some places. They are occasionally several 
inehes in thickness, and have evidently been bleached subsequently to the 
deposition of the clays, by the percolationof water charged with sulphuric 
acid, produced by thedecompositionof pyrites, along the more permeable 
layera. 

268. Where the Line ci'OSseslWhito Mud Eiver ; * or, Frenchman's 
Creek, numerous and very fine exposures of the Cretaceous rocks occur. 
The stream flows in the bottom of a great trough, cut out of the soft 
Cretaceous strata, over three hundred feet deep, and in some places fuUy 
three miles wide. Many ravines enter this Valley from the sides, and 
numerous land-slips have bi*ought doMm the upper beds to various levels 
in its banks, and have produced a rugged mass of conical hills and ridges. 
The tops of the banks on both sides of the valley are formed of yellovish 
feiTUginous sands, refei*able to division 7., of the Bad Land section. 
They are, in many places, hanlened into layers of sandstone, and are 
nowhere very soft. Land-slips have confused the section, but they can 
be traced in their original position as far up and down the Valley as can 
be seen. I could find no fossils in these beds, though sixty to seventy 
feet of them must be visible in some places. 



* Then are prolmbly ba]f-*-doaen stmn» «f tbJs nune in different parte of tbe North West. Tho 
best kaown ie thet at the south end of Manitoba Lake, with which thb mint not be confounded. 
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269. Bolow theBO are sombre Cretaceous clays of division ^., and 
thoy extend downward to the water lovol of the river; showing a thick- 
ness of 273 feet, the base not being ^ieen. The poi*tion of these day-^latet» 
most uearly i*esembling those last deBcribed, and thoso of the Pembina 
Mountain seine», lies immcdiately below the yellow sands ; below this, to 
the bottom of the valley, they show rather the crumbling earthy 
character and more sombre colour of the Bad Lands and Wood 
Mountain Astix)nomical Station exposui*es. This would tend to prove 
that rocks like those of the upper pai-t of the typical Pembina Mountain 
series, are not oonfined to any particulai* horizon in the westem repreeen- 
tatives of that group. About 100 feet below the base of the yellow 
sandfl, a bed characterized by the great abundance of the remains of a 
fine species of Ostrea, oceurs. It is referable to Ostrea patina of Meek 
and Hayden ; and fragments of a thick Inoceramus appear in the same 
Stratum. The Ostreas, for the most part, are quite perfect, and have 
been intombed where they grew, the valves being still attached. They 
are fiequently roughened externally, and crusted with selenite crystals, 
produced apparently by the action of acidulous watera on the shell 
itself. 

270. A Short distance below this Ostrea bed, is a zone contaiuing 
many large septarian ii*onstone nodulcs. In some places, a horüsontal 
surface of this bed has been exposed, foi-ming an ai*id wind-blown 
expanse of crumbled fra^^raents of the shale, which hei-e and therc 
suppoi'ts an Artemisia, and from which the nodular masses stand up at 
intervals, as they have been exposed by weathering. The concretionö 
ai'e oflen as much as twelve or lifteen feet in diameter, and lenticulai' in 
form, but are generally broken into fragments by the action of the fjx)at, 
Thoy hold remains of Ammonites and BaeuliteSy the former at times two 
feet in diameter, and referable to Ä, placenta, a form, like Ostrea patina, 
charactoristic of the 4th gi^up of the Missouri Eiver section. The 
fossils are unfoi-tunately intersected by the cracks which traverse the 
mass of the nodules, in such a way as to render their preservation very 
difficult. Some of them retain their nacreous lustre in all its original 
perfection. Bleached bands like those already described, occui* in many 
parts of these clays. 

2*71. The beds hei*e appear to be perfectly hoiözontal, and tho 
increased elevation of the general sui-face of the country will moi-e than 
suffice to account for the reappearance of the yellow sandy deposit» last 
Been in the Bad Land** — without supposing the existence of any gentle 
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anticlinal between the two localities. Our camp, situHtod a short way 
down the easteiii slope of the White Mud Valley, and consequently 
äomewhat below the general level of the prairie, was 445 feet above the 
Wood Mountain ABtix)nomical Station, nineteen miies east, by compai*- 
ifiön of seven barometric readings at each place. The base of the yellow 
sandB being about 30 feet below the camp, is 409 feet above the 
Aiitronomical Station; and a» the base of the Bame stmtum (division 
y.) in the Bad Land section was found to be about 170 feet above the 
Astix)nomical Station, a difference of 239 feet between the same horizon 
in the Bad Lands and at White Mud Eiver, would remain in fiivour of 
the latter. The distance being about thirty miles, gives an eastwai*d slope 
of about eight feet in the mile. 

Cretaceaus and Tertiary Bocks — Wood Mountain Settlement to the 
V Crossing Place on White Mud River, 

272. The main ti'ail going west from Wood Mountain settlement, 
passes for some distance along the noilhern edge of the water-shed 
plateau, and then going over it where it turns north-westwaixl, ci*osses 
the Valley of the White Mud Eiver, sixteen miles north of the forty- 
ninth parallel, and twenty-three miles nortli-west of the exposures last 
desciibed. Between Wood Mountain and the White Mud Eiver the 
wat«r-shed plateau is formed, as beforo, of the lower beds of the Lignite 
Tertiaiy, and projects like the prominent parts of a cameo, while the 
lower ground, and the deeper portions of the Valleys of the sti*eams, SLve 
formed of the underlying Cretaceous clays. On the ti*ail, neai' Wood 
Mountain, small exposures of the Tertiary rocks frequently appear. 
About thirty-foui* miles west of that place, sections of chai*acteristic 
sombre Cretaceous clay-shale occuj*, and a deep bay of these lower rocks, 
penetrates the edge of the Tertiary plateau froia the north, in this 
yicinity. On ascending the plateau forming the west side of this bay, 
Lignite Tei-tiary rocks ai*e again seen at intervals, to within about fifbeen 
miles of White Mud Eiver, when the road descends the western edge of 
the plateau, and again passes over the Ci'etaceous clays. 

273. A referenco to the accompanying geological map will render 
the ai'rangement of the formations in this region clear. In the absence 
of other infoi*mation for the district noi-th-west of Wood Mountain, I would 
have followed Dr. Hector in provisionally indicating the border of the 
Tertiary as running from the Cyprcss to the Thunder Breoding Hills. 
The occurrenco of a bay of Cretaceous rocks on the north side of the 



112 B. N. A. BOÜNDABT C0MMIS6I0N. 

Tertiary plateau, however, throws doubt on Dr. Hector's supposition of 
the continuity of the odge of t!.ü Tertiary between the two last mentioBed 
localities. Judging from anology, there m reaaon to believe that the 
bay of Cretaceoos i*ocks must extend continuoiwly from the north side of 
theplateau to the South Saskatc'aewan River. The strata are as neariy 
as po8sible horizontal, and throughout this region it is found that a valley 
once cut down through the hardor Tertiary rocks to the Ci-etaceous, does 
not in the lower part of its coiirse again paes ovor the former. Dr. Heetor 
did not reach the northera edge of the Tertiaiy between the Cypress and 
Thunder Bi*eeding Hills, and it is by no means cortain that there is a 
coütinuouB eBcai*pment uniting them, as shown on the map. 

274. Twelve miles eatst of the White Mud Eiver, in the banks of a 
deep coul^ tributary to it, good exposures of the Cretaceous rocks occur, 
and yield in great abundance the chai*acteri8tic fossils of Meek and 
Hayden's 4th group. BacuUtes campressus is the most common form, 
and is associatod with several spocics of Inoceramus and other molluscs. 
Specimens of Avicula (jPterid) linguifonnis M. and Äcteon concinntis, M, 
& H., are included in the colleetion, and are especially interesting, as 
having been previously recognised by Prof. Hind, in localities fui-ther to 
the north, — the former at the elbow of the South Saskatchewan, the 
latter at Two Ci'eeks on the Assineboine. 

275. The fossils resemble veiy closely, both in their general appear- 
ance and mode of pi-esorvation, those brought by Dr. Hayden's cxpeditions 
ffom the Upper Missouri. They ai-e included in nodules of feiTiiginoas 
limestone, which, liko tlio enclosing clays, are of dark-grey colnur. 
The concretions only occui' in certain beds of the clay, and are generally 
more or less septarian in character, the cracks being filled with amber- 
coloured calcite. In other parte of the section, beds with large ii*onstone 
concretions occur, which usually have the same septarian character, bnt 
were not observed to contbin many fossils. Selenite ciystals abound in 
the clays, and a tibrous minei*al, which may best be called a fei*ro-calcito, 
occurs in discontinuous layers parallel to the stratification ; oneof which 
was observed to be neariy a foot in thicknoss. This substance was also 
found in connection with the sombre clays of the Wood Mountain 
Astronomical Station exposures, and with those of the Bad Lands. 
(§ 258-263.) It is minutely prismatic, the prisms in some cases, radi- 
ating from a centre, but more usually neai'ly ]>arallel, and at right angles 
to the beds. It is pearly-grey within, but weathers yellowish-grey, and 
in that state much i*osombles, at fii*st sight, silicified wood. 
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2^6. The Valley of the White Mud Biver, where crossed on this 
northem roate, is very broad| but the banks are much reduced in height, 
as compared with those on the Line, and are not of the same precipitouA 
character. The bottom of the Valley is flat, and the t^oil being based on 
the Ci*etaeeoiL3 clays without the intermediation of drifb material, is 
harren in the extreme, and supports a Bcattered growth of Artemisia, and 
Bome salt-loving plants. The Ci*etaceoas clays are seen in the banks, bat 
are not well exposed. 

Cretaceaus and Tertiary Bocks, from White Mud Biver to Milk Biver. 

277. On the westeru side of White Mud Eiver, hilly ground occurs, 
in which some of the lowest Tertiary beds may be represented ; but, 
which I am inclined to believe, is due entirely to accumulation of drift. 
The banks of the two branches of Cottonwood Coul^, next met with, do 
not appear to yield any exposm^es, bat the coantiy, from its chai*acter 
and elevation is, no doabt, based on the dark Cretaceoas clay-shales, to 
about the 505 mile point, where the prairie which has been gradually 
becoming moi*e andulating and hilly, makes a ver^' definite rise, and 
forms a plateaa, which extends along the Line, to the 534 mile point. 

278. This plateaa liko that near Wood Mountain, is found to be 
composed of Tertiaiy beds, bat is not so well defined. Its sui*face is 
always andulating and often quite hilly, large quantities of drift having 
appai*ently, been pUed upon it. The underlying rocks are seldom seen, 
and its age might have remained a doubtful question, but for the sections 
occurring along its abnipt western fix)nt. On Coming to this edge, a 
gi-eat area of baiTcn and arid prairie, at a lower level, and based on Creta- 
ceoas No. 4, is seen stretching westward toward the Milk Eiver. The 
Three Buttes or, Sweet Grass Hills, the Bear's Paw, and Little Bocky 
Mountains, are also here seen for the first time, at a gi*eat distante, 
rising above the level horizon. The exposures are not very cleai* or 
extensive, but indicate the existence near the foot of the escarpment, 
of a considerable thickness of greyish and bi'ownish arenaceous clays, 
forming i*ather massive beds. Some distauce above these, a well-marked 
red Zone occurs, and can be ü'aced at vai'ious points along the edge of the 
escarpment, as far as the eye can reach. It is due to the eombustion, in 
situ, of one or more lignite beds ; portions of which were found in one 
place, unaffected by the fire, but not sufficiently well exposed to enable 
measorements to be taken, or any estimate of their quality formed. The 
metamorphism prodaced, has been very extensive, and rocks are fbund 

8p 
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in all stages, fV^)m thoee simply reddened, to others completely porcelain- 
ued, or fused into lava-like material. Some of the baked Bandstones still 
retain obscure impressions of plants. Overlying the red beds are 
whitish and yellowish areiiaceoas clays, of such light tints, as to appear, 
from a distance almost like chalk. 

The thickness of beds indaded between the highest and lowest 
exposures seen here, m i^it be fix)m twa to three hundred feet, and so fkr 
as comparison can be made, the section shows a remarkable general 
agreement with that of divisipns a. and ß, of the £ad Lands, llS miles 
eastward. 

279. The Valley of the East Fork of Milk River, where it crosses 
the Line, is wide and trough-like, with scarped banks about forty feet in 
height. The clif& are composed entirely of drift deposits, and it 
maintains this character as far up and down as I have been able to 
examine it. Many ft'agments of Cretaceous fossils, and large masses 
of fossiliferous ironstone, are found in the bed of the stream, and in the 
clay banks; and so large a proportion of the drift is formed of tlie 
redistributed matter of the Cretaceous clay-shales, that it seems probable 
that they exist here at no very great depth. BaculiUs grandis is 
among the fossils, 'and was not elsewhere observed; there are also a 
few. species whieh are probably derived from the lower beds of the 
Teitiary. 

280. A most interesting section occurs in a deep valley about six 
miles west of East Fork. Exactly on the Boundary-line the banks show 
good exposures of the Cretaceous shales, more closely resembling in their 
lithological character those seen in the upper part of the Pembina 
Mountain sections, than those of the same beds as occui'ring in the 
vicinity of Wood Mountain. The i'ock is almost, or quite horizontal, 
is pretty haixl, and well stratified, and includes white bands like those 
ah'eady referred to. On following the valley about a mile northward, 
these clay-shales seem to bend suddenly upward, and give place to 
a series of rocks, which appear to underlle them, and which differ from 
them altogether in character, and include massive layera of sandstone 
and thick arenaceous clays. 

281. A section was measured across the up-turned edges of these 
beds, which is given below, the measurements being reduced, so as to 
represent the actu^l thickness of the strata. The section — supposing no 
reversal to have takeu place— is in descending order :— 
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WWtt. Ol. 

1. Sombre Cretaoeoiis cUy-Bhalet, Division 4. M. kü 

2. Grey and yellow arenaceous clays, with some remains of 

• Osirea in the lower layen (aboat) 20 

3. Oreyiah- white arenaceons clay, with irregolar aheete of 

ironatone 8 6 

4. Garbonaceons flhale 1 

5. Grey arenaoeouB clay 2 6 

6u Black carbonaceouB ahale 2 

7. Dark shales, with carbonaceons bands 12 6 

8. Garbonaoeons shale, with poorly preeerved |dant remaina 1 6 

9. Grey arenlMseons clay 90 

10. Brown shale, with indiatinct impreBsionB of plante, a few 

inchee 

11. Grey arenaceons clay S 6 

12. Lttninated carbonaceona shale, with spota of amber, and 

impressions of plante 2 

13. Grev snd yellow arenaceons clay 20 

14. Yellowish arenaceons clay .*. 11 

15. Grey arenaceons day 9 

16. Soft beds — ^probably yellowish arenaceons clays, but not 

well ezp^ed 35 9 

17. Grey sandstone, weathering yellow, and with many 

jointage-cracks 12 10 

18. Greyish arenaceons clay 45 11 

19. Haixl sandstone, breakinf; into large rectangular frag- 

ments, and weathering into pot-h^es 4 

20. Soft arenaceons days 12 10 

21. Fine-grained grey-yellow sandstone, with dendritic mark- 

ings 2 

22. Grey and yellowish arenaceons clay, with some thin sheets 

of ironstone 34 6 

23. Red-brown sandstone 2 

24. Soft srey sandstone 6 6 

25. Nodmar brown sandstone 6 

26. Soft beds, with some thin sandstone layers.* 24 

27. Nodular red-brown sandstone (abont) 3 

28. Greyish and yellowish arenaceons clays, well stratified, 

and with small fragments of some lamellibranchiate 

Shell at the base 88 6 

29. Greyish and yellowish arenaceons clays, well stratified. .121 10 

30. Sai^dstone 3 0^ 

31. BrownisH arenaceons clays, cmmbling and rotten where 

expoeed 134 4 

32. Grev sandstone (Dip 45*") 1 6 

33. Yellowish sandstone, thin-bedded and flaggy 34 

34. Parplish and brownish clays, with evident stratification 

lines 47 7 

35. Impnre ironstone 1 

36. Pnrpliah shaly clays 127 3 

37. Impnre ironstone 1 

38. Orumbling earthy-clays 26 6 

893 7 

The beds below thene are not exposed sufficiently well to enable the 
section to be measured. From blocks of sandstone sti*ewing the banks, 
however, it is probable that one or more layers of this rock oceur not far 
below the base, as here givon. 

282. When this section was examined, I had no doubt that the whoU 
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of tbe beds included in it were trul j lower than the dark Cretaceous claj- 
ehales of No. 4, though noting the similai'ity of the series hei'e exposed, 
with its light-coloured arenaceoas *clays, ironstones, and carbonaceous 
shalos, to the beds of the Tertiar}^ Ilaving ailerwaixls examined the 
sectious of the lower part of the Tertiary in Milk Biver, with which theae 
ai*e even more closely eomparable, and Unding there a species of Östren 
which appears to be indistinguishable from that represented by the few 
fVagmentH obtained from bed No. 2, 1 find it still moro diffieult to feel 
asBured in i'efemng these beds to a position inferior to No. 4 of the 
Cretaceous. Had they occurred apart fix)m well-marked Cretaceoue 
rocke, they would probably have been referred, without doabt, to the 
Lignite Tertiär}', in the absence of chai'acteristic organic remains. 

283. To explain the present poaition of these beds, under the 
supposition that their age is Tertiary, it is necessary to suppose either an 
extensive overturn ; or that they have been thrown down by a reversed 
fault, with an angle of only about 30°, nearly coinciding with the 
stratification, and carried beneath the edges of the undisturbed Ci'etac^ous 
clays. Either of these alternative circumstances is diffieult to account 
for in a countiy so little distui*bed, and where the strata ai*e, as a mle, 
almost pei*fectly horizontal. If, however, the beds are traly Cretaceous, 
it still remains uncertain whether they should be considered as forming 
an important intercalation in No. 4, or whether they lie entii*ely below 
that diviöion. The latter is the more probable supposition, as where the 
rocks of No. 4 are tumed up against the flanks of the Buttes, farther 
west, in such a manner as to reveal a great part of their thickess; though 
some tliin layers of sandstone occur, nothing is found comparable with 
this series. 

284. The sandstones of these beds diflTer a little in aspect from 
most sandstones occurring in sections clearly referable to the Tertiary, 
being somewhat more uniform in their bedding, thinner leaved, and 
moi-e equally hardened throughout. The carbonaceous shales of beds 6, 
and 12, are thinly cleavable, and might, in some places, be called impure 
lignite. One of the beds contains drops of amber, similar to those found 
in connection with many of the lignite beds elsewhere; and plant 
remains are abundant, but too ix)orl3^ pi-esei'ved for recognition. It is 
evident that whei'e these carbonaceous ehales were found, all the con- 
ditions which might lead to the accumulation of important beds of 
lignite obtained, and that such beds as these might be found, if followed, 
to widen out, or coalesce with each other within a short distance. The 
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occtuTence of amber shows that coniferouB wood, which composes bo 
large a part of the clearly Tertiary lignites, was bore going to decar li' 
thon it be granted tbat these beds ai*e lower Cretaceous, the poBBibility of 
the occurrence] of beds of fossil fuel in the rocks of that age, in this 
region, would be established. 

285. The strike of these beds is N. 27^ E., (mag.) and theii* dip, 
Houth-eastward, at angles vaiying from 45^ to about 30°. The tilting of 
strata to such angles as these— even if the existenee of no more violent 
flexure be suspected — is in itself acircumstance sufficiently remarkable, in 
a country where, for hundreds of miles, the rocks are foiind with inclina- 
tioDs no greater than can be aecounted for by original irregiilarities of 
deposit. The nearest disturbed region is that in the neighboui'hood of 
the Buttes, and the uptaming is there in immediate connection with the 
extrusion of igneous matter. * 

286. The valley of the West Fork of Milk River, though showing 
some scarped banks, does not penetrate below the drift. 

287. Two and a half miles beyond West Fork, exposures of sombi-e 
Cretaceons clay-shales of the usual character were again met with, and 
the harren piain is based on these rocks for about twenty miles west- 
ward. Immediately west of the West FoKk, a well-marked plateau inins 
up nearly to the Boundaiy-line, from the south, and no doubt marks the 
overlap of Tertiary rocks, which are again met with in füll force in the 
highground around Milk Eiver. On approaching this stream, a line of 
smalllakes* and swamps, is found along the easteiTi base of a plateau, 
which runs north-westward, and on the Line has a breadth of six miles, 
east of the river. Near the edge of the plateau the clay piain shows 
extensive supei*ficial deposits of looso sands, which have pi-obably bcen 
derived fröm the disintegration of the soft sandstones of division y., 
equivalent to the Fox Hill group. 

288. The valley öf the Milk Eiver is one of the most important 
features met with on the line of the forty-ninth pai-allel, and oifers con- 
tinuous and magnificent sections of beds referable to the Lignito Tertiary 
series. The counüy on both sides of it, is seamed with tributaiy ravines 
and gorges, the banks of which are often nearly perpendicular, and which 
i-amify in all directions. Where the Line crosses the river valley, it is 
utterly impassable forwaggonsor cai-ts, and neai* this place the Great Diy 
Coul^ branches off, which, accoixiing to Palliser's map, runs to Lake 

* Known to the l»lf-braed hnntera aa Lact du Marroiu, 
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Peekopee. The appeai*anco of the vallcy of the river itoelf is stränge and 
desolate. 

289. Thebanksrise neai'ly three hundred feet above the level of 
the stream, and are more than a mile apai-t. They ai*e almost bare of 
Vegetation, and marked by bands of differant coloui*ed days and saod- 
stones in a nearly horizontal position, as far as the eye can reach. The 
descent into the yalley cannot be made on horseback, but by taking 
advantage of the well-wom buffalo tracks, which are found leading down 
almost every cool^e and ravine. The river itself !§ comparatively 
insignificant, and winds in broad curves fi-om side to side of the Valley, 
and is fringed by a growth of large poplar trees, and by willows. The 
bottom of the valley is mai*ked out into three distinct levels, differing 
mach in appearance, though only by a fow feet in height. Over the first 
of these the river must constantly pass in flood. It shows in many 
places a loxuriant gi*owth of grass, and »upports most of the timber. 
The second level, which the -river can seldom if ever touch, is character- 
ised by the abundant gix>wth of Artemisia of several diffei'ent species. 
A third level, which forms a kind of low terrace at the foot of the clifib, 
and most be twenty to thirty feet above the stream, consists of hard, 
parched clay, the washings of the banks, and nourishes only the grease- 
wood, and a few other thick-leaved drought-loving plant». 

290. The sections in the banks are undisturbed and regulär. llie 
beds are divided into an upper and lower series, by a zone of sandstones, 
which is about two-thiixls up the bank near the Line, but about eight 
miles north-westward up the valley, is found forming the very summit of 
the cliff; which hei*e, ü*om the better support afforded by sach hard 
rocks as compai*ed with the days and arenaceous clays of the i*est of äie 
formation, assumes a bolder and more ru^ged aspect, and a greater 
height than elsewhere. Fourteen miles south-eastwaixl of the crossing 
of the Line, the same sandstone zone is again seen, but now only 
about one-third up the bank, indicating a general inclination of the 
beds in a south-easterly direction, — which may not be exactly that of the 
füll dip, — of about ten feet to a mile. 

291. The sandstones, though often well and evenly bedded, are not 
regularly hardened, but have a nodular character; and though in 
some localities indurated throughout their entii*e thickness, in other 
places not far removed, they may show only certain hard layers of 
comparatively small thicknest^, sepai*ated by beds of unconsolidated sand. 
They appear, however^ to* be very constant in extent^ and do not difbr 
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matorially in thickness at the several löealities where they were 
ezamined. They are slightly femiginous, with prevailing light 
yellow tintB, and ai*e often more or less affected by falne-bedding. 
Below the sandstones occur clays, sands, and arenaceous clays, generally 
well Btratified, and individual beds of which may often be traced a long 
way up or down the valley. Th% colours are ufiually light, but thei'e 
are some zonea of dai'ker carbonaceous clay», and in a few plac^s impure 
lignites of no great thickness were observed. These appeared to be less 
pei-sistent than most of the other beds, and generally to thin out and 
disappear when followed far in either direction. From their appearance, 
and mode of occurrence, these lignites may well have onginated fVom 
the drifling together of wood or peaty matter, and differ considerably 
from the pure and definite beds which eharacterize the Lignite Tertiary 
fm*thör east, and which appear to be formed of trees which have grown 
on the spot. 

292. Above the sandstone zone is a great thickness of sands and 
arenaceous clays, förming more massive beds, in which the stratifi- 
caiion is less peifectly marked. The genera^ tints are pale greenish- 
grey, greyish, and light buif. 

293. No fossils were found in this upper series or in the sandstones. 
In the beds below the sandstones organic remains are also singularly 
rare, but are not altogether absent. Eq a pai't of the section not far 
below the base of the sandstone zone, is a layer with large arenaceous 
concrotions, which contain in some places abundance of fossils. 

Among these are Melania NebrascensiSy one or more species of 
Paludxna^ a Helix^ several species of Oorbula, and a Sphoeriyim, which is 
almost certainly S^formosuntj described by Meek and Hayden, from the 
Fort Union beds, and is identical with one afterwards found 110 miles 
ftirther west, and within thirty miles of the base of the Eocky 
Mountains. A few i-olled fragments of bone are also included in the bed, 
and some traces of fossil plants. Lower down in the section valves of 
Östren are. found, sparingly scattered through the deposit, and not veiy 
fkr from the base a layer containing shells of Unio in a poor State of 
preservation was observed. Near the latter were found fragments of 
the bonee of a large verteb.ate. They were scattered, and not in a very 
good State of preservation, and had evidently been strewn about after the 
death of the animal, and before their envelopment by the sediment. 
These, with the other vertebrate remains, were submitted to Prof. Cope, 
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who prononnces them to be'portions of the Bacmm and long-bones of a 
Dlnosauriau. 

294* A section of the upper beds and sandstones, observed in a ravine 
on the east aide of the Great Diy Coul^, near the Line, showed ihe 
following succession of beds : — 



m^ 

1. Light yellowish arenaceous cIavb and sands, indioated in 

slopes and higher grounds, bat of which a few f eet at 

the base only are well ezpoeed 6 8 

2. Grey sand 4 6 

3. Grey-green arenaceous clay 9 

4. ArenaceouB day (rusty, irreguW layer) 2 3 

5. Highly ferniginous layer. A few inches. 

6 Grey arenaceous clay, rather conspicuoasly banded 17 10 

7. Grey soft sandstoue 14 5 

8. Sandstones, hard and soft, brownish, yellowish and grey; 

often concretionarv, eenerally well stratified, bat siMne- 
times false-bedded, forming cliflfs in the gorge, and 
weatherine out into overhuiging ledgea, and horiaon- 
tally flutol walls 35 6 

Abont 90 

295. The most complete section of the beds below the sandstone 
2one was obtained aboüt eight niiles north-westward from the intereection 
of the Valley with the Line, and on the north-east side of the valley. It 
may overla{) the last by a few fect^ or a few feet may be omitted ; bat, 
allowing for this slight uncertainty, it forma a continuation downward qf 
the base of the fonner section. 

FEKT. IN. 

1. Soft grey sandstone, forming^e top of the bank (about) 4 6 

2. Bed-brown concretionary sandstone, with large flattened 

nodales 4 6' 

3. Hard grey sand 4 5 

4. Reddish nodular sandstone 2 

6. Whitish arenaceous clays, with some selenite in the lower 

layers 22 6 

6. Grevish and yellowish arenaceous clays (banded) 13 4 

7. YellQW-grey arenaceous clay U 

8. Greyish arenaceous clay in which stratification Ib scarcely 

apparent 71 4 

9. YeUowish sandstone, thin bedded 2 

10. Grey arenaceous clay *. 4 5 

11. Purplish shale 1 6 

12. Grey arenaceous day 5 6 

13. Brown shale, with imperfectlypreserved plant remains.. 6 

14. Grey arenaceous clay 14 8 

15. Purplish shale, with some thin layers of impure Ugnite. . 8 10 

16. Purplish'brown shale 1 

17. Greyish arenaceous day 7 7 

18. Grev arenaceous clay, upper part shaly 11 1 

19. Yellowish arenaceous clay 4 5 

20. PurpliBh shale 1 

21. Yellowish arenaceous day 8 11 

' 22. Purplish shale 2 2 

^ Greyish arenaceous day ... , 6 9 
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24. Sandstone, a few inches. 

25. Greviah arenaceoas day 4 6 

26. Yellowish arenaceous clay (lowest bed in which remainB 

of molliucs were founa at thia place. Ostrea) 4 5 

27. Kodurlarly hardened sandstone 1 

28. Yellowiah arenaoeous day 31 

Goncealed in slope to river, about 30 

About 2d4 10 

296. The thickness of beds diaplayed in the above sections, when 
combined, is about 375 feet. and the bottom of the river Valley, is 
probably not veiy far above the base of the Lignite Tertiary foimation. 
It will be obeei-ved that the genus Ostrea, is here for the firet time 
mentioned as occuiring in these beds ; further west it beeomes one of the 
moHt usual forms. The conditions of deposit implied by the beds on the 
Milk River, are those of an estaary, or shallow sea margin, where, 
while oysters and corbulas were living, the remains of fresh-water 
Shells and land Vegetation were being cairied, and mingled with them. 
The salinity of the water just indicated at Wood End, must have been 
here, however, well pronouneed ; a fact accoixiing with the observations 
of Dl'. Hayden and other observers to the south. 

297. The superposition of these beds on the Cretaceous elays of 
group 4, is not clear in this locality, as no junction of the two forma- 
tions was observed. Their lithological eharacter, might almost seem 
to render it probable, that they represent the same senes as that sup- 
posed to come up from below the Cretaceous clays between the Bast 
and "Wesl Forks of Milk River. The beds hei-e examined, however, can 
be traced almost continuously westward to the country round the Three 
Buttes, and are there found clearly resting ön Upper Cretaceous rocks, 
recognizable not only by their mineralogical similarity to those already 
descnbed, but by their fo&sils. 

298. Eight miles south of the Line, where the Commission Trail 
ci-OBses the valley of Milk River, the banks are somewhat lower and less 
rugged, but exhibit the same^ rocks with very similar appearance and 
arrangement. 

Cretaceous and Tertiary Bocks from Milk River to the West Butte. 

299. In the coul^s and gorges which intersect the prairie on the 
west side of the Milk River, exposures of rocks similar to those described 
in the main valley occur, the beds continuing to maintain a nearly 
horizontal attitude. Eighteen miles west of the crossing place of the 
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river, the same beds were ag«ain ob8ei*ved, and beyond this point small 
exposures very freqiiently occur, and show yellowish nodular ejiudstones, 
and arenaceouH clays, piecisely resembling those of the Milk River. 

300. Some milen further west, near the 620 mile point on the Line, 
a very interesting section was observed on the eaatem side of a small 
co\A6ey where the flood-water bad cut away the bank. (Plate IV., 
Kg. 4.) The Upper layer is of massive grey sandstone, about eight 
feet in thickness, and immediately below it a softer led filled with Ostrea 
Shells occurs. Below this, about six feet of ai*enaceous clay, with a few 
Shells of Ostrea^ and then an in*egular and impui*e lignite about a foot 
thick, which is underlaid by about seven feet of arcnaceous clay similar 
to that above it, but more perfectly stmtified, Next, a carbonaceous 
shale, overlying a grey arenaceous clay filled with the remains of small 
moUuscs, the most abundant of which appeai*s to be identical with 
Corhula imdifera of Meek ; a second species, pix)bably referrable to C 
mactrifomuSf is also sparingly ropresented. Below the shell-bed is 
another seam of impui*e lignite, which is slightly thicker than the 
Upper, and holds in some places rather large drops of amber or fossil 
resin. Below this lignite, is a bed of grey arenaceous clay, underlying 
which is a foot or two of carbonaceous shale, which rests on a grey, soft 
sandstone, constituting the base of the section as here exposed. 

301. The beds in this section ai'e exceptionally rieh in the remains 
of Mollusca, and the form refeiTed to Corbula undifera, constitutes about 
half the substance of the bed which it chai*acterizes, occmring in all 
stages of growth. The proportion of carbonaceous beds and lignites, is 
also greater in this section than in the corresponding beds exposed in the 
Valley of Milk Biver. The conditions of deposit implied, are those of 
shallow water, perhaps estuarine, but of distinctly saline character. The 
section is situated about fourteen miles north-eastward from the most 
eastem of the Three Buttes, and the beds are horizontal. In a second 
locality, nor far removed, is a fossiliferous bed containing a few speci- 
mens of Corbula uncUfera, mingled with Goniobasis insculptüy Meek, 
fragments of Oitrea, and a species of Dostia or Neritina, not yet 
specifically determined, but probably either N. patelUfarmis or iV. 
BeUatula; forms described by Prof. Meek from Colville in Utah. 

302. On approaching the East Butte to within ten or twelve miles, 
the hitherto horizontal beds are found to assume a gentle dip away from 
it» or on this side, to the northward. In the vallies of the streams which 
seam the flanks of the hills, and fuiit)w the suiface of the prairie aroond 
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them, nomerouH nwre or lees extensive exposures of the rocks of thc 
Lignite Tertiary, oecur. As might be anticipated from the nature of the 
deposit, as it has been already noticed on the Souns River and elsewhei'e, 
few of the beds ai*e found to have any great horizontal conntancy; but, 
from their general similarity, any very detailed account of the vai*ious 
exposures would be but repetition. Clays, and ai^enaceous clays, with 
intercalated sands and sandstones, and in some places nodules and thin 
sheets of ironstone ; in various modifications of thickness and arrange- 
meHt, build up the formation. 

303. The isolated mountains, calied by the Half-breed hunters, 
Mantagnes du Fain de Senteur, are known to traders of the Missouri 
Begion, as the "Sweet 6i*ass Hills." They are roughly indicated on 
most good maps of the west, and ai'e there found under the geographica! 
appellation of the " Three Buttes." As indicated by the latter name, 
there are three distinct mountain masses.* A line passing from the peak 
of the eastem, through the central mass of the westeni Butte, would 
have a direction of about N. 80® W., the Central Butte lying between 
them, but some miles to the south. The highest summits are those of 
the eastern and westem Buttes, which ai*e about twenty miles apai*t, 
and rise nearly 3,000 feet above the level of the plains at their base. The 
height of the summit of the East Butte, as ascertained by the aneroid 
barometer, and taking the mean of two readings sepai*ated by about an 
hour, is 6,200 feet. That of the West Butte was found to be 2,746 feet 

• above the Depot Camp at its base, by comparison with neai*ly simultan- 
eous readings there ; and taking the height of the latter locality as 3,737 
feet, the height of the West Butte above the sea, would be 6,483 feet. 

304. The central masses of the Buttes, are composed of ei'uptive 
trappean rock,* and ai-ound them, the previously horizontal beds of the 
plains have been tilted up, those immediately 8urix)unding the igneous 
masses, resting at very high angles. The westeni Butte is the most 
important, and forms quite a little mountain region, having numerus 
peaks and ridgcs, with round or blunted tops, and deep, almost precipit- 
ous vallies. The eastern Butte is next in importance, and consists of 
four main peaks, an^anged nearly as the angles of a Square. The 
north-weetern of these is the most pi-ominent and conical ; the south- 
westem is ix)und-topped and connected with the north-westem by a ridge, 
and not far below it in height. The north-eastem and south-eastem 
summits are neai'ly equal in elevation, but considei'ably less than the others. 
The central Butte was ^not ascended, but appears to be considerably 
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smaller than the others. It has, however, an exceedingly symmetrical 
conical form, as viewed from almoBt every direction, and ite slopes must 
form an angle of nearly 45° with the horizon. Like the East and Weat 
Buttes, it is sorrounded hy gi'assy foot-hillB, which are specially promi- 
nent on ite northern slope. 

305. Dykes of einiptive material, traverse the sedimentary roeks 
BuiTOunding the Buttes, in some places, and appear generally to have a 
dii'ection i*adiant ft'om their higher peaks. In a valley about ten miles 
north of the summit of the East Butte, one of these is well exposed, By 
the weaiing away of the softer suiTOunding beds, it Stands up like a 
mafisivo paally-ruined wall, the resemblance being increased by the fect, 
that the rock has becn broken up by the weather, into quadrangular 
blocks. Its observed couree is N. 70° B. (mag.) The rock would pro- 
bably bo included under the name Kersanton, of Yon Gottsk's Classifi- 
cation, and is a mica-ti*ap of dark groenish-grey colour, and not very 
hard; in which small tabular crystals of brown mica are thickly 
disseminated. It has pi*obably been originally of the same nature as the 
acidic central masses of the Buttes, but has become more basic by the 
incoi'pomtion of portions of the siu'rounding sedimentaiy rock ; and has 
acquired a diifei'ent mineralogical character, fi-om this circumstance, and 
its more rapid^cooling. The clay s and sandstoncs on either side, ai'e nearly 
hoiizontal, except immediately in contact with tho dyke, whei-e they are 
beut and contorted, and much altcred. Some dark carbonaceous shales, 
especially, are so much haixlened, as to bear a close resemblance to those 
usually found associated with coal beds in tho Carboniferous formation. 
valves of Ostrea, are abundant in some of the suiTounding beds, and 
specimens of Corbula undifera wore also recogniscd. 

306. On ascending the East Butte, the haixler beds are found consti- 
tuting more or less continuous ridges, TOiind the central masses, while 
the sofler intervening strata ai'e not usually well exposed. The total 
thickness of the beds seen is not very great, as the gix)und rises almost 
equally with the increasing dip. Thei*e ai*e, no doubt, also many small 
dislocations which complicate the ^section. The sedimentary rocks, in 
some places, rise to within about one thousand feet of the summit^ and 
are then found much hardened and altered, and dipping very steeply 
away fi-om it. They are here also traversed, like the igneous rock itself, 
by many small seams of crystalline quailz, in which a careful examina- 
tion failed to detect a trace of any metallic nrineral. As some of these 
veins appeared, however, to be not without promise, I afberwards panned 
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oot a quantity of gravel in one of the small bmoks, but without being 
able to detect the presence of any valuable metal ; a small quantity of 
magnetic iron and gamet sand from the northem drift, being the only 
result. 

307. Nearest the trappean mass, and lowest in the series on the East 
Butte, oceur beda of hardened sandstone, not of great thickness ; on these 
i-ests a considerable thickneös of hard, blackish, fissile shale, in which no 
characteristic fossils were found, but which from the sections afterwaitis 
examined near the West Butte, are no doubt referable to the fourth 
division of the Cretaceous, and represent the sombre clays, and clay- 
BhaleB, 80 frequently observed fui-ther east. Above this, is a rather exten- 
sive sandstone formation, much of which is regularly bedded, but which 
in some places is nodular, and gives rise in the vallies which cut through 
it to castellated, step-like, and fluted rocks of picturesque appearance. 
Next in order are the clays, sandstones and arenaeeous clays, character- 
ised by Ostrea, &c., ah'eady described as oonstituting the substratum of 
the piain. 

308. The igneous material, composing the higher peaks and central 
masses of the mountains, though very hard and compact, is seldom seen 
actnally in situ^ the solid rock being concealed under a great depth of its 
own fragments. These are vcry in-egular in form, but generally angular, 
and bounded by plane faces; they vaiy in size from a few inches to 
about two feet in greatest diameter, and render the Upper slopes utterly 
harren. The i-ock is very uniform in appearance and composition. It 
is usually a Ehyolitic Ti'achyte-poi'phyiy ; but, by the introduction of a 
small quantity of homblende, sometimes passes, without otherwise much 
changing its appearance, into a material||which may be called a Sanidine- 
trachyte. The matrix is pale greenish-grey, porcellanous, but not 
perfectly horoogeneous, and encloses ciy^tals of sanidine feispar, which 
vary from those barely visible, to others which attain an average size of 
about 3 millim^tres. Quartz is present as a constituent in small quantity, 
forming mihute granulär aggregations ; and specks^of pyrites are generally 
to be seen. The hörn blende, when it occurs, is found genei'ally in veiy 
small ciystals between those of the sanidine, but sometimes forma 
bunches an inch or two in diameter, which appear as darker spots on the 
surface of the rock. 

.309 Tho highest peak of the West Butte, is at its eastem side, and 
is a large blunt-topped mountain, which to the east presents pei-pendi- 
cular i-ocky clitfs. West and north of this simimit, several important 
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peaks and ridges riae, and enclose a vugged, pine-clad, and rocky araa of 
some exten t. The foot^hills of the western Butte are also on a larger 
Scale than those of the othera, and an examination of their rocks served 
to explain mach foi-merly in doubt. The sedimentary rocks are here, as 
at the east Butte, found to dip away fi-om the central igneous intrusionon 
all sides ; but a considerable maes of stratified it)ck, has here been, as it 
were, caught up by the eruptive material, and occupies the depressed 
central portion of the group of mountains. A great part of these beds 
dip ttouth-eastwaixl at a rather high angle; they have been very consider- 
ably altered, and^ consist now of slaty shales, and hard, thin-bedded 
sandstones, in which I was unable to find any fossils by which their age 
might be made certain. I have little doubt, however, that they are 
Cretaceous. The trappean nucleos of this Butte is indiBtingaishable, 
lithologically, fi*om that of the East Butte, foimerly described, and forma 
8hattei*ed and rubbly hill-tops, in the same way. 

310. .The clearest sections of the rocks surrounding this Butte, were 
met with on its westegi side, (Plate VIIL, Fig. 2.) where a considerable 
brook issues fi*om the central Valley. The shaly-clays of division 4 of the 
Ci'otaceons, ai*e here seen with a gentle westerly dip, somewhat indur- 
a'.ed, and in places, baked into rather hard black clay-shale, corresponding 
exactly-with that previously found surrounding the East Butte. Their 
thickness, ae developed here, may be roughly estimated at about 800 feet, 
though the nature of the sections did not allow of precise meaaurements. 
They are not here found to be characterized by the same abundance of 
septarian nodules, as in localities east of Milk River ; a few such, 
however, occur, and minor arenaceous layers are also intercalated, and 
sometimes found to persist a considerable distance horizontally, though 
genei*ally quite local and lenticular. In one of these masses a number of 
fossils were found, which though not in a very good State of preserva- 
tion, ai'e very interesting. They include one or two species of 
InoceramuSj several gasteropods resembling Fusus, fi*agment8 of an 
Ämnumite, and a portion of a Belemniteüa, probably B. Bulbosay M. k H. 

Some fish scaleS; found with the other fossils here, are specifically 
identical with some of those occurring in certain beds at Pembina 
Bscarpment, 600 miles distant, (Plate XVIII., Fig. 1.) and were not 
observed in any intermediate locality. 

311. TJnderl^ing these clay-shales of No. 4, in some places, are 
rather massive sandstones, tilted at high angles against the flauks of the 
eruptive rock. They represent the sandstone beds found occupying a 
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similar position on the East Butte, and probably indicate the base of 
division 4, and the top of the next lowest division of the Ci*etaceouB. 
They might very well represent the sandstones which apparently under- 
lie the dark clay-shalea n^ar the East Fork of Milk River. Overlying 
No. 4, are maBsive sand^tone bedB, yellow ih colour, and though in this 
place much more uniformly indurated, than tho8e seen in the same 
relative position further east, no doubt represent the Upper Cretaceous 
sandstones of Division 7., of the Bad Land sections. These sandstones, 
from their superior baixinoss, genei*ally form a prominent ridge, at a 
little distance from tho base of the Butte ; some layers are flaggy and 
thin-bedded, but they did not appear to contain any fossils. On the west 
flank of the Butte, they dip away at an angle of about 12^, and a thick- 
ness of over forty feet is exposed. 

312. The exhibition of the lower rocks at the Buttes, enables the 
relative position of those forming the surface bf the countiy — and traced 
almost continuously from Milk Biver to this point — ^which might other- 
wise have been a doubtful question, to be deflnitely ascertained. They 
are found to overlie the upper Cretaceous beds, and to be related to them 
precisely as the lowest beds of the Lignite Tertiary are, in the Bad 
Lands south of Wood Mountain. The character of the Ci*etaeeou8 beds 
is little changed, though the tendeney of No. 4 seems to be, to become 
somewhat coarser in this direction. The Lignite Tertiary rocks have, 
however, changed very materially, and especially in becoming moi*e 
distinctly marine, and perhaps also less lignitiferous. 

313. With regai^ to the age of the igneous masses, here so unex- 
pectedly found, all that the sections prove, is that they are later than the 
Lignite Tertiary rocks, which are elevated by them and traveraed by 
their dykes. They are probably pix)trusions quite local in character, 
and not bi*oadly based on similar i*ooks. This is indicated not only by 
the comparatively \wy Might metamoi*phism which the surrounding 
bods have sustained, but by the very rapid increase of the dip on 
approaching the masses, and the short distance which the disturbance 
consequent on their protinision is found to extend. They have not, 
however, at all the character of modeim volcanic cones, and I did not 
See any rocks in connection with them which had even probably cooled 
at the sui-face. If of the nature of volcanoes they ai'e very andient 
ones, öf which the cores, or stumps, now only remain, and from about 
which the whole of the ejected material has been removed. The denu- 
dation aifecting the rocks tilted up round the Buttes has been very great, 
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and fh)m analogy with other circamBtanoes, elsewhere more fully 
diäcussed, most bave taken place to a gi*eat extent before the glacial era. 
They have, indeed, the appeai*ance of having been snbjected to a very 
long couTBe of erosion in later Tertiary timctfi, and may probably date 
from that period of diBturbance closing the Lignite Tertiaiy period, 
of which very extensive traces are foand elsewhere in this weetern 
region. 

314. The quaquaversal dip of the sedimentary rocks round the 
central igneoos masses of the Buttes, suggests a i*e»emblance to Von 
Buoh's craters of elevation, This, though rather an exceptional mode 
of mountain formation elsewhere, woUld appear fi*om the Observation» 
of Dr. Hayden and othei*8, to be common in the west. Bear Peak, near 
the Black Hills, may be taken as an instance; and there the featores 
represented in the Buttes appear to be almost exactly paralleled. Dr. 
Hayden thus wintes of the locality: ^'This peak is an isolated pit>tru8ion 
of basaltic rock, very compact, rising to a height of 1,500 feet above the 
prairie ai*ound, and separated from the Black Hills by an intervening 
Space of seven or eight miles. All round the peak the distui*bed beds 
form annular ridges, receding fi*om the central point like the waves of 
the Bea,"* The central mass is elsewhere described as consistiiig of 
** porphyritic trappean rock." Near Fort Benton, — which is only abont 
eighty miles south of the Buttes,— eruptive rocks of po6t-ci*etaceou8 age 
appear to be frequently met with, and their contemporaniety with such 
masses as those of these mountain» seems not unlikely. In the Beport 
ust quoted, Dr. Hayden says: " We have near the Ai'i'ow Creek a bed of 
erupted material thrust between Cretaceous rocks, which pi'esents a 
vei-tical wall of 150 to 200 feet at one point, and then suddenly ceases. 
These small centres of effusion of melted i-ock seem to cover the whole 
i-egion." f 

315. In the very valuable coloured map accompanying the same 
report, the geology of the eountry 8urix)unding the Buttes, or Sweet 
Grass Hills, is conjecturally indicated, and reproduced without question 
in Hitchcock and Blake*s map, published in 1872. The annular structui'e 
there oxtended to these mountains from analogy, proves to bejustifiod 
by the fact; but whoreas in confonnity with the stinicture of similar 
mountain masses to the south, i-ocks of Carboniferous, Triassic, and 
Jurassic ages, are represented as forming wide zones round the central 
protrusions, in a countiy baBod on the overlying Ci'etaceous rocks, I 

* Oeologicftl Beport TelloirotoDe »od Miflsouri Expedition., 1809. p. 42. t nM., p. 96. 
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cottld find no rocks older than those of the Upper Cretaceons in 
connection with the mountains, and the piain appears to be based 
onürely on the Llgnite Tertiary beds. 

Cretaceaus and Tertiary Sacks fr om the West Butte to the Eastem base cf 

the Rocky Mountains» 

316. Westward from the West Butte, the beds are found to assume 
a gentle syncUnal form, and expoBures ai^ not infrequent in the steep 
banks of cooles. About six miles from the base of the West Bntte, a 
zone of Bandstone appears, which must hold a position considerably 
above the base of the Lignite Tertiaiy, as the beds are still dipping 
westward at low angles. Two miles fxirther west, the same sandstones 
are again seen, bat now with a gentle eastwaixl dip. The eastem and 
westem outcrops of the sandstone form the low escarpments of a 
platean, dae to its saperior haixlness, which oceupies the trongh of 
the synclinal. (Plate VIII., Fig. 2.) This synclinal arrangement is 
not, however, persistent, nor of great structural importance, as, in 
proceeding westward, sandstones which appear to occupy the same 
horizon in the Tertiary, are soon again found nearly horizontal. 

317. In a System of ravines south of the Line, about twenty miles 
west of the base of the Butte, these sandstones are again well exposed, 
and have an estimated thickness of over thii*ty feet. In these Valleys 
they occur not much below the geneml level of the prairie, and forming 
the Upper pai*t8 of the banks, give them a most picturesque and remark- 
ablo appearance. The lower layers of the sandstone are genei*ally very 
regularly bedded, and some of them are exceedingly fine and thin, and 
show worm-ü'aoks and other obscure markings. The upper beds are 
more massive and have a nodulai* character, which causes them to 
weather out into the castellated forms, resembling in some places those 
of the Eoche Perc^. (Plate VIIL, Fig. 1.) Underlying the sandstones 
are less permeable clays, or arenaceous clays, of light colours, of which 
I did not succeed in finding good exposures, but which tum out 
nnmerous small Springs of a highly saline character. The beds appear 
to be quite horizontal in this locality. 

318. Near this place, and about ten miles south of the Boundaiy- 
line, a bold escarpment occurs, facing squthward, toward a great sti*etch 
of lower country. Its outline is that of any section of the bank in the 
last described valley, its abrupt edge being produced by the sandstone 
sone in the same way. From the rapid falling away of the sui*fkce of 

9d 
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the country to the sonth, it must also neurly mark the line which in this 
place bounds the southern margin of TeHiary. 

319. Two bitinche^i of the Milk Biver cross the Line with north- 
easterly coui-ses between the Buttes and the Bocky Mountains, and after 
nniting to form the main stream of the Milk Biver, flow eastward, north 
of the Buttes, and recross the forty-ninth parallel, with a south-easterly 
course, as has been already mentioned. The Line crosses the first of 
these tributaries, at the 696 mile point, and thongh the stream flows in 
a deep valley, the banks do not show anything bat drift. Six miles 
west, however, a bend of the river again approaches the Line fh)m the 
south, and it here exhibits very interesting sections of rocks probably 
belonging to the base of the Lignite Tertiary. 

320. The best exposures are found in a gronp of small hills, which 
assumes in miniatura, the appeaitmce of the Bad Lands, and Stands like 
an island of older rocks among the dnfl deposita, which lap around its 
base. It is an outlyer of a plateau, which, with irregulär edge, runs 
northward with a little easting, where it crosses the Line. The beds are 
horiasontal, and are exposed for a thickness of about sixty feet. The 
lower portion of the section is of pale greenish-gray clays, while above, 
the greenish colour is not so marked, and there are somewhat massive 
sandstones. In some places tho latter are almost conglomerates, and 
hold many small pebbles, the majonty of which ai^ of greenish shale. 
They also indude fVagments of reptilian bones and large Umo Shells. 
Small nodules occur abnndantly in some layers of the lower greenish 
clays of a tint similar to the matrix. The bones are found in oonsider- 
able abundance in all parts of the section, but are mach crushed and 
fissui*ed. When imbedded in the bank, they are purplish-black in 
colour, but on weathenng, assnme whitish and rusty tints. It is very 
difficult to dig the bones out of the bank itself, fh>m the great hardneas 
of the dry clay relatively to that of the fossils, and whei'e washed out by 
the rains, they are found only as broken fi^agments, difficult to recon- 
struct. Fi'om specimens obtained hei*e, however, in tho course of a few 
hours, Prof. Gope finds, besides many broken bones of dinosaurs, new 
species of Ciimodon and CompsemySy which he has called 0. atenopsis and 
C. agmiWj respectively. 

321. The greenish clay beds are doubtless formed of the disint^- 
rated material of beds of green siiale, similar to those represented by the 
pebbles in the conglomerates. A microscopic examination of the clay 
did not reveal any recognisable fragments of green mineral or rock, the 
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colour apparently residing in the very fine argillaceoas matter, through 
which n few large partly rounded gitiins of transparent quartz are 
Bcattered. The bones, in the manner of their preservation, mach 
resemble those of division ß. of the Bad Lands south of Wood Mountain, 
which these beds may possibly represent. The lithological character, 
however, has changed considerably, s» compared with any of the more 
eastem exposures of the Tertiaiy, thongh connecting links are supplied 
by the sections on the main stream of the Milk Biver, and in the vicinity 
of th« Buttes. Sandstones are now more important, and coarser in 
texture, and the clays and argillaceous sands have assumed more defi- 
nitely than ever before, the greenish tint above referred to. 

322. It is a curious coincidenee that near this place, also, green 
slaty shale begins to be an abundant constituent of the drift. It does not 
appeai' to be derived from the degradation of the Tertiary rocks, as the 
matrijc of theii* conglomei*ates is generally harder than the enclosed 
shale, but must come directly fi*om the slopesof the Bocky Mountains, and 
increases in abundance on approaching them. It would thns appear 
probable that even in early Tertiary times some part at least of the 
mountains was sufficiently elevated to allow a distribution of fragmental 
material similar to that afterwaixls taking place on a larger scale in the 
glacial period. 

323. About fourteen miles further west, the Second Branoh of Milk 
Biver is met with, and in its Valley, for seveml miles, beds resembling 
those last described are exposed and are still apparently quite horizontal. 
The best sections — ^which are near the river level — probably show beds 
Bomewhat lower in the series than those last described, which the higher 
parts of the banks on both sides of the valley more closely resemble. 
About forty feet above the level of the stream, a thin band of nodular and 
ferruginous limestone was found to be highly fossiliferous. The i*ock 
is dai*k bluish-black internally, but weathera reddish-brown. Frag- 
ments from the same, or a precisely similar band, were previously found 
detached in the valley of the Fii-st Brauch of Milk Biver, twenty miles 
eastward. The fossils are entirely those of fresh-water, and include 
specimens of PaXudina, Limncea, PUmorMs, Sphceriumy and a Bulinus or 
Physa, The Planorbis is almost certainly that called P. subumhüicatus 
by Meek, from the Tertiary of Fort Clarke, ( Valvata subumbiUcata of 
Smithsonian Check List?) though I have not had an opportunity of 
comparing it with authentic specimens. It also, however, appears to 
be indistinguishable fromsmall specimens of Planorbis parvus of Say, now 
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SO common over the North American continont. The Spharium is 
specifically the same with that previously found on the Milk Eiver 110 
miles forther east, and rofcri'ed to Ä formosum M. & H. The PcUudina 
remains of are very fVagmentary, but thero are forma indintingoishable 
from specimens of P. TrocUformis and P. Conradü. 

324. The occurrence of fVesh-water fbrms so far west, while the 
general tendeney of the lower beds of the Tertiaiy is to beoome more 
distinctly manne westward, wonld eitler tend to show that thei*e wer© 
important exceptions to this rule, or that the beds here represent^ are 
high np in the series. The oocnri'ence of abundant Dinosanrian remains 
in the section described in paitigraph 320, wonld seem to teil agfunst 
the latter eonclosion, and it wonld appear that the question must remain 
for the present an undecided one. 

325. Pifteen milos further west, is the St. Mary River, a tributary oi 
the Belly Biver. Its banks show good exposures for several miles, and 
here the disturbance connected with the elevation of the Bocky Mountains 

« 

is first found to begin. The sudden nature of the break separating the 
neai'ly horizontal beds of the countiy ftu'ther east, fi*om the region of 
Sharp and ü*equent flexures now entered upon, is a matter of surprise, m 
is also the very limited width of the belt of countiy much affected by 
the disturbance, the St. Mary Biver, on the Line, being only about 
twelve miles from the bare sides of the outlying ränge of Chief 
Mountain. 

326. The lowest rocks seen in the pai-t of the river examined, were 
sandstones of greyish and yellowish tints, i^gularly bedded, and quite 
hard, with some surfaces showing ripple-marks and worm-tiacks. They 
have a south-westerly dip at an angle of 20^, and are pi*esent in con- 
sidemble Üiickness. About half a mile south of these lower beds, and 
overlying the upper layers of the same sandstone zone, a bed of fbd, 
with all the mineralogical charactei*8 of trne bituminous coal, was found. * 
It has a thickness of about eighteen inches only, and occurs just at the 
level of the water in the river, by which it is partly covered. It breaks 
with a clean fVacture into cuboidal fragments with bright faces, and is 
indistinguishable in appearance from many coals of the true C^boniferoos 
formation. Below the coal is a foot or two of dark ciu*bonaceouB sbale, 
Bomewhat indurated, and holding imperfect remains of plants. A similar 
shale, but only a few inches in thickness, rests upon the coal, and is 

* I am Ind^bted to Mr. W. A« Ashe, of tho Sorvey putj, fbr iint aüUi« my tttontioii to tliii dcpoait. 



C&StAOSOÜS AND TERtUBr— ST. HABT &IVEIU 133 

foUowed in ascending order by a hard shell-bed eighteen inches to two 
feet thick, dark-coloared fi-om included carbonaceous matter, but in the 
main composed of shells of Ostrea and Cyrena. Above this is a con- 
siderable thickne8s of flaggy and ripple-marked sandstones, greyish and 
brownish-grey, with a dip of S. 28** W. < 35**. The ripple-marks 
indieate a current with a direciion of S. 14** W. (mag.) 

327. A few handred yards south-east of the last exposure, sand- 
stones similar to those overlying the coal are found well shown in a 
steep bank. (Plate IX., Fig. 2.) They are sharply folded into an anti- 
clinal lbi*m, and are overlaid by a considerable thickneee of greenish-grey 
elay beds. The latter are charged with small flat masses of calcite, formed 
apparently in fißBures, but now scattered over the surface of the clay- 
bank, giving it a remai*kable appearance. A shell-bed very similar to 
that found in eonnection with the coal, but probably not identical with 
it, as it wants the carbonaceous colouring matter, also appears hei*e. 
It probably underlies the sandstone, but though large blocks of it are 
strewn about, it is not veiy well exposed. The rocks are so abruptly 
folded that they appear in some places to be slightly overtumed ; and in 
the absence of large or continuous sections, the precise relations of the 
beds cannot be ti*aced. 

328. About two miles noi-thwaixl on the same river, it cuts through 
high banks which exhibit similai* i'ocks. It here seems to foUow still 
more closely the line of fracture of the country, the beds on the east 
side being not far from horizontal, while those on the west ai*e mach 
disturbed, the lithological character and general appeai*ance of both 
series being, however, much alike. No coal-beds, or beds containing 
fossils were seen hei*e. 

329. Four miles west of the St. Mary Biver, a hard fossiliferous bed 
comee to the surface, forming the crest of a ridge. It dips west-south- 
west, at an angle of 20^. Where exposed, it is an almost solid mass of 
fossil Shells, forming a rough limestone. The same molluscs are repres- 
ented here as in the other sections in the locality of St. Maiy Biver, the 
moet abundant being a species each of Cyrena and Ostrea. The former 
18 probably (7. occidentaUst M. & H., and in some of its forms is scarcely 
distingaishable from (7. cordata, Morris, a shell of the Euglish Eocene.* 
The Ostrea is a large shell, trigonal, and very massive, but not yet 
specifically determined. 

* ngurtd in Joum. Oeologlcal Society, ToL X Utek, compareB C. oocidenUüui with this spocios. 
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330. A Short distance ftirther west, a bed of haixi sandstone appears, 
agaiii forming the eisest of a ridge, which can be traced for miles in a 
noi'th-westward courae. The strike of the sandstone itself, as shown 
by the ßtmtification lines, is N. 41^ W., (mag.) with a south-westerly dip 
at high angles. The perBistence of this bed in the line of its strike seems 
to show that, though the sti'ata are so mach disturbed, the folding has 
taken place very regnlarly, parallel to a single direction. The sandstone 
evidently underlies the shell bed last i-eferred to, and most be some 
hundreds of feet below it. It is yellowish, and not so much indurated as 
that Seen in the bed of the river, some layers being still quite soft. In 
this bed was foond enclosed, a trank of silicified wood, the first actoally 
observed in situ^ though fi*agments are abundant in the drif t several hon- 
dred miles eastward. 

331. The whole of the exposures seen in the vicinity of the St. Mary 
Eiver, evidently belong to one series of beds ; bat with so mach distorb- 
ance and folding, it is pi*obable that in some places, beds both mach 
lower and higher than those observed, mast occur at the sarface. Those 
Seen do not precisely resemble any part of either the Cretaceoos er 
Tertiaiy rocks previoasly examined. They belong, however, withoat 
doubt, to the latter senes, and ai*e probably near its base. The gradaal 
change which is found to effect the Lignite Tertiary, as followed westr 
ward, has here reached its extreme. The occaiTence of a trae coal, 
diflfering altogether from the lignites previoasly foand to cover so great 
an ai*ea of these western marine reprosentatives of the Lignite Tertiary, 
i*aiscs questions of mach importance, which ai*e more fally discassed in 
the seqael. 

332. Nearer the base of the moantains, few exposures of the rocks 
of the plains were seen, and these singularly deficiont in fossils or other 
means of correlating them with their eastem i*epresentatives. Prom 
what I could see, however, T am of opinion that in the immediate 
vicinity of tlie forty-ninth 2)aralle], rocks representing the Lignite 
Tertiary, come almost to the base of the bare rocky cliflfe of the 
Mountains. I did not find any beds certainly Cretaceoos, bat it is 
highly probable that they are brought to the sarface in many placea, 
and Cover larger or smaller ai*eas. 

333. About eight miles noi*th of the entrance to the Eootanie Pass, 
sandstoncs similar to tbose seen on the St. Maiy Biver, and clays chai^ed 
in precisely the same way with flakes of calcite, were found within about 
two miles of actual exposures of the paleaozoic rocks of the moantains. 
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Five miles east of the entrance of the pass, and north of the Mount Wilson 
Bange, ezpoeoree of thin-bedded clays and argillaceous sandstones, with 
occasional beds of hard flaggy sandstone, were seen. The whole are of 
various shades of light grey, and thongh curiously folded and faalted, not 
mnch altered. Some surfacee of the sandstone are strewn with small 
carbonaeeous fragments, bnt no recognizable fossils were found. (Plate 
IX., Fig. 1.) 

334. The South Pork of the Belly Eiver — ^which rises between the 
Ifonnt Wilson and Chief Mountain ranges, and flows northward out upon 
the piain — ^where its valley is contracted among the mountains, in some 
places lies between high banks, which though in most cases composod 
of drift, in one locality, about foui* miles north of the Line, showed a 
seetion of beds probably Tertiary . The beds are thin sandstones and clays, 
like the last, and dip northwaixl at an angle of about 15^. These beds 
here actually lie in a retired valley among the older rocks of themoun- 
tains. Further down the same stream, large fragments of lignite, 
exactly reeembling that of the eastem Tertiary rocks, were found. As 
drift at this elevation is altogether derived from the mountains, and not 
so far travelled as that of the lower levels, it is almost certain that in this 
Valley there exist some beds of Tertiary lignite. 



OHAPTER VI. 

GENERAL ABRANOEMENT AND EXTENT OF THE CBETACE0U8 AND 

UGNITE TERTIARY PORMATIONS. 
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Cretaceous No, 1. — Dakota Group. 

335. The beds representing the Dakota, or loweet Cretaceous divisioiiy 
in the typical Missouri Biver sections, are described as being '* yellowish, 
reddish, and occasionally white sandstones, with, at places, altemaüons 
of various coloui*ed clays, and beds and seams of impure lignite ; also 
silicified wood, and great numbera of leaves of the higher types of 
dicotyledonous trees/' with ^'casts of shells referable to the genera 
PhareUa, Axincßa, Mactra, and Gyprina^'' * and Unio Nebrascensis. This 
description refers to the eastei*n outcrop of the formation, and where the 
Cretaceous rocks are again exposed beyond the westem margin of the 
Tertlary basin, and along the base of the Bocky Mountains, the whole 
Dakota group appears to be represented by a series of altemating clays 
and sandstones. Dr. Hayden says of the western representatives of 
this group: — ''Along the margins of the mountain elevations, I have 
never been ahle to discovor a single specimen of organic remains that 
would establish the age of the rocks. I only know that there Is a series 
of beds of remarkable peraistency, all along the margin of the mountain 
ranges, holding a position between weil-defined Cretaceous No. 2 and 

Jurassic beds, and in my previous repoi*ts, I have called them transition 

» ■ I ■ ■■ . ■ ■ 

* GeolQgioal Report TallowstOD« «nd MImoiuI Expedition. 
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beds, or No. 1. They consist of a series of laym-s of yellow and grey, 
more or less fine-grained sandstones and pudding-stones, with some 
intercalated layers of ai*enacoous clays. In almoBt all cases there is 
•flBOciated with these beds a thin series of carbonaceaus clays, which same- 
times became impure coal, and contain masses of BÜicified wood, &c." Also, 
'^ on the eastem slope of tbe Big Hom Mountains, I obsei'ved this same 
series of beds in the Stimmer of 1859, holding a position between Cre- 
taceoos No. 2, and the Jurassic marls, with a considerable thickness of 
earthy Ugnite" and large quantities of petrified wood.* Fresh water shells 
of the genera {7nto, Planarbis, and probably PcUudina, have been found in 
association with OstreOy in beds apparently belonging to this pai*t of the 
formation in the Black Hills region. It preserves a very similar chai*ac- 
ter as far south as Colorado, and there appears to have been somewhat 
definitely correlated with the lowest Cretaceous of the eastem Missouri, 
by the discovery of cei'tain plant remains. f The conditions implied 
throughout, are those of deposits forming in shallow, salt, or brackish 
waters, with neighbouring extensive land surfaces, and a mai*ked ten- 
dency toward the accumulation of cai'bonaceous beds or lignites. 

336. To this division of the Cretaceous, Dr. Hector is inclined to 
refer the group which in his general section he has designated by the 
letter E., | and which is characterized by great deposits of lignite. The 
proviso, however, is made, that the region which he had examined did 
not afford sufflciently clear evidence, to render it cei'tain that under the 
same title, he had not included some Tei-tiary rocks as well as Cretaceous. 
Therocks of Series E., are thus described : " Sandstone, coarse and friable, 
or argillaceous and concretionary, indui*ated shales and soft limestones, 
iponstone nodules, beds of lignite 3 to 10 feet. Silicified wood, Tojates 
and sedge-like stems in the sandstones." § 

337. It is highly probable that some at least of the coal and lignite 
bearing beds, described by Dr. Hector, are really Cretaceous, in view of 
sotne of the fossils which he has found associated with them. || The 
question might indeed be considerod as definitely settled in that sense, 
but for the remarkable mingling of Cretaceous fossils with those of tije 
Lignite Tertiary, in the fer west ; a subject more ftdly noticed on a sub- 
sequent page. If then, it be admitted that a part of the carboniferous 
beds belong to the Cretaceous properly so-called, it would appear that they 



•U. S. Cteol. Surv. Tterrit., 1867-BO., p. HS .t U;!^ 0«>>. »«rv. TeiTft . 187B. 

1 The lettcring afflxed to Dr. Hector'« general «ections, In his Offlcial Report, »nd in hie pftper in 
Vol. XVII. . of the Journal of the Oeologiaü Society, dlflere. I have •dopted that of the ' om«r. 

I Kx|doi»tion of Brldrii North America, p. 227. II See eepedally Foot Note to p. 283. Op. «1. 
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mtiBt i-epresent one or other of it8 Iower divisionfi, as from the lithological 
character of the two Upper Cretaceou« groups, preserved with great 
nniformity, in the various localitic8 Houth of the Line, and also in the 
most widoly separated expoBureH on the forty-rinth parallel, it aeems 
highly improbabl j that in a comparntively short distance to the north ward, 
they shoald so change their chai*acter as to become coal-bearing. The 
known tendency of the Dakota gi*oup, would then certainly point to it 
88 being the one i^epresented. At the same time, I cannot i-esist the oon- 
clufiion, that Dr. Hector was nght in supposing that some Tertiary beds 
are included in bis division E., and it may even tai*n out that a large 
Proportion, or the whole, of this group, really belongs to the base of the 
Lignite Tertiary. The subject is one not only of geological interest, but 
of great practical impoi*tance, for should it be found, that there are two 
distinct carboniferoos horizons in the rocks of the North-west; the area 
over which valuable deposits of fuel ai*e to be ezpected, would — ^as pointed 
out by Ml'. Selwyn — be very largely increased. 

338. The beds referred by Dr. Hector to division E., appear to be 
extensively developed on the upper parts of nearly all the rivers flowing 
eastwai-d fi*om the base of the mountains, including the Bed Deer Biver, 
North and South Bmnches of the Saskatchewan, Athabaska, and Noi-th 
Pembina Eivers. Their furthest eastward appeai*ance on the North Sas. 
katchewan, is stated to be about fifty miles below Edmonton. Mr. Selwyn 
who has examined the coal-beai*ing rocks of this river in 1873, inclines 
to the view that they are truly Cretaceous, and draws attention in this 
connection to the fact, that the coal senes of Yancouver Island is now 
known to occur in the Iower part of that foi*mation.* 

339. Bocks of the Dakota peiiod have not been recognised in Mani- 
toba, or in any locality along the eastem outrcrop of the Cretaceous in 
British America. In the vicinity of the Line they are concealed below 
the alluvial lands of the Bed Biver Valley, and if natural exposui'os are 
to be looked for at all in this region, it must be in some part of the high 
lands marking the escarpemont of the Cretaceous west of the gi'eat Sys- 
tem of lakes. That the occuiTence and nature of these beds may not be 
an unimportant quostion, is shown by their character in Nebraska, where 
they contain lignites, which though not of very good quality, or great 
thickncss, havo beon moro or Icss used economically, on account of the 
great scarcity of fuel in that treeless region. These beds, associated 

• Report of PrognH. 0«oL Surv. Guiada, 1878-74. p. 60. 
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with carboDaceouB clays, are mentioned as occurring in numeronB locali- 
ties, and one of them — which appears, however, to be in iransition bedß 
between this and the next overlying division — is even stated to have been 
^' worked to a considerable extent," and nsed hy blacksmiths with Bome 
success.* Similar beds ai*e now also known to occnr in Cretaceous rocks 
in Boath-westem Minnesota, tbough not as yet fonnd of a qnality snffi- 
ciently good for use as fuel. f 

340. Tbi*ongh the kindness of Mr. A. L. Busseil, I have received a sam- 
ple of lignite from a locality near Fort Francis, on the Bainy Biver, east 
of the Lake of the Woods. An analysis of the lignite will be found in a 
snbsequentchapter. It is said to be found below the water level, in several 
small streams, and tbough no geologist has visited the locality, it appears 
to occur in too great quantity to be accounted for as far travelled drift. It 
may prove that in this locality we have a Lower Cretaceous outlier simi- 
lar to those of Minnesota, but here pi'obably i-esting on the Laui-entian. 

341. The possibility of the discoveiy of such fuels as these, in the 
Province of Manitoba, might not seem worthy of much attention ; but 
there is no reason why in a series such as this, good and valuable depo- 
sitB may not exist in some localities ; a probability greatly heightened if the 
lignites of the base of the Bocky Mountains, are found to appei*tain to ixxrks 
of similar age. In any event, in the repi^esentatives of the Dakota series 
in Manitoba, there appears to be a pombiUty that workable lignite 
beds may exist, and should this prove to be the case, they would offer the 
nearest and most accessible source of fuel, to the Settlements of the Bed 
Biver Valley. 

Cretaceous No. 2. — Fort Beuten Group. 

342. The Fort Benton Group, or second division of the typical 
Cretaceous series, is so closely associated with the last, that flirther 
investigation may probably render it advisable to unite the two under 
one name. This is especially the case in many of the more weetem 



• U.S. Qeol. Snnr. Territ., 1867. p. 48. 
t Prof. N. H. Winchell. Seoond Annual Report Oeol. Siirv. MiniL, 1874. 

Prof. Windiell'B ooncluatons on the Creteceotui coftls (bo called) of Minnesota, are interetting m bear> 
Ing on a ooun^ situated üi many reepects almoet exacUy •■ Manitoba. He writes :— 

1. The rocke that have been explored for ooal on the Gottonwood aud Redwood RIven, belong to the 
Cretaoeoue syitem, and do not promiee to be productive of ooal in valuable quantities. 2. Hie coal here 
tak«n out is (tf an inferior grade, though varying from cannel ooal to charooal. 8. As the roclce of Uie 
Cretaoeotia perlod are believed to have existed Uuoughout the moet of the State, the onlv probable exoep- 
tion being in the Bouth-westem portion, includlns balf-a-docen oounties, such ooal is aluily to occur in a 
great meoy plaoes. 4. The " Float" ooal which has so often attracted the attention of tiie people, is de- 
rtved, to far as yst known, from the disruption of the Cretaceous rocks by the giaden of the ioe perlod. 
It is soattered through the drift, and is met with in weUs aad other exoavations, aod may be often plcked 
np along the beds of streams. 
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localities, south of the Black Hills, and along the baae of the Boeky 
Mountains. In Nebraska, this diviälon is described as consistiBg of 
'' dai*k grey laminated cluys, with lighter coloured arenaceous parUngs, 
and layers and beds of sandstonc. Towards the upper part, noar its oon- 
nection with the Niobi-ara Division above it, it sometimes inclades inter- 
calated layers of grey limestoiie, in all rcspecto similar to the lower 
poHions of the overlying rock ; while at some other places, its Upper 
portion passes into a dark shale."^ Further west it is very extenaively 
developed near Fort Benton on the Missouri, from which it takes its 
name. The beds here '^ as&ume the form of black plastic laminatod day, 
with numerous calcareous concretions." f The westem «dge of this 
division in Colorado, shows shaly beds, which, though generally argilla- 
ceous, ai'e occasionally qnite ai*enaceouA, and sometimes mora or lese 
calcareous; the total thickness varying fh)m 200 to 400 feet % 

343. In the eastem region of British North America, this portion 
of the formation seems to have been pretty cleai*1y reeognized, on the 
Saskatchewan, near Foi*t 4 la Come, by Prof Hind, who says: — 
" On the North Branch of the Saskatchewan, and a few miles above the 
Grand Forks, huge masses of a dark ooloured, almost black shale, with 
shai-p well-preserved edgos, jut out of the banks, and are ezposed 
whenever portions of the face of the clay cliffis fall into the river. Hieir 
appearance is such as to justiiy the expectation, that rock in poeition, 
from which they originated, is close at band. Some specimens which I 
procured and sent to Mr. Meek, contain, accoixling to that gentleman, 
fish scales, sharks' tceth and Inoceramus^ which renders it almost oertain 
that the "massea wei*e detached from rocks belonging to formation 2, or 
3, of the vertioal section."§ Gretaceous^ No. 2 is also statod to have been 
recognized from specimens found on the Assineboine Biver, 250 miles 
west of Fort Gany ; || but, as the locality thus described must be near 
Fort ElHce, whero the exposures are few, and Dr. Hector, who has 
examined them, found fossils characteiistic of the 4th group only; it is 
probable that some mintake has aiisen, either in the localization of the 
specimens, or fi*om their obscurity. 

344. Dr. Hector, though he does not expi*essly State that he con- 
sidei's bis Group D., as representing the Fort Benton, or 2nd group of 
Meek and Hayden's section, implies as much by placing it between beds 

• Qeolngical Report Yellowstone Mid Misaouri Expedition. f n>id. p. 98. 

X U.S. Gool.Surv. Tenit.. 1878. p. 101. 
( Report Assineboine oikI SaBkfttchewan Kxplonii^ Expedition, 1869. 
II Prof. Meek, in Oeological Report Yellowstone snd Mtesouri ExpediUon. p. 10. 
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which lie correlates with gronps 1, and 2. Grroup D. ig described as 
consisting of " sandstone overlying marly clays, banded with thin seamB 
of iroDBtone, thin bede of limestone, stiif dark blue clay, and aranaceous 
ehales, with Ostrea cortex, 0. veüicata, 0. anomitxfarmis, Cytherea, Mytilusj 
Cardivmy Venus, Natica, &c., *and stems and roots of silicified trees.*' * 
Bocks of this series, he believes, underiie a oonsiderable area of the third 
great pi-airie plateau, and are mentioned as occurring ou the lower part of 
the Bed Deer Biver, at the Hand Hills, at the Elbow of Battle Biver, above 
Fort Pitt on the North Saskatchewan, on the Bow, and Belly Bive», and 
also to the west and north of Edmonton. The relations of this group 
with l^oee above and below it, do not seem, howeVer, to have been very 
clearly made out, and Dr. Hector appears to remain in some doubt, as to 
its Position and distribniion. f Ostrea veüicata^ and 0. (tnamiaformiSf are 
Shells eharacteristic of the Crotaceous formation, in its development near 
the M exican frontier, and while their occurrence pi*obably places beyond 
doabt, the Cretaceous age of some of the beds here referred to, it is 
probable that others, especially in. the more southem localities, may 
belong to the marine base of the Tertiary ] the rooks of which, in some 
plaoes near the forty-ninth parallel, answer closely to their description. 

Cretaceous No, 3. — Niobrara Group. 

345. The occurrence of rooks of the Niobrara, or 3rd division of the 
Cretaceous, in the escai-pment ot Pembina Mountain, near the Boyne Biver, 
has been already notieed. (p. 78.) The specimens, so far as they go, ex- 
actly resemble those of this member in the typical section in Nebraska, 
which Dr. Hayden thus describes : — " Lead-grey calcareous marl, weather- 
ing to a yellowish and whitish chalky appearance above, containing large 
scales and other remains of fishes, and numerous fragments of Ostrea conjesta 
attached to f\*agments of Inoceramus, passing down into light-yellowish 
and whitish limestone " and blending with the next lowest group. " At 
the Black Hills this rock sometimes presents its normal appearance, but 
generally there, as well as along the Bocky Mountains fVirther west, is 
scarcely distinguishable lithologically from the formation below." J In 
Ck>lorado, according to Mr. Marvine, No. 3 still retains to some extent 
its calcareous character, and consists in gi*eat pai*t of impure limestones, 
often highly fossiliferous. § 



• EzplormUon of Britlah North Amerlc», p. 227. t n>ld., p. 289. 

l GeologicAl Report Tellowstone and Miaoori Expedition, p. 14. 

9 U. S. GeoL Surv. Torrit, 1878. p. 102. 
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346. With this divißion Dr. Hector correlates group C, of hisgeneral 
seetion, composed of dark clayg, with septarian nodales. These bedsi 
however, I have, I believe, clearly identified as forming an integral part 
of Meek and Hayden's 4th gi'oup, as diHplayed in the vicinity of the 
Line, a concluaion also wan*anted by the fossils obtained by Dr. Hector 
in them. If thi8 i8 the case, none of the beds described by Dr. Hector 
can be cited as repreisenting No. 3, unless, indeed, a part of thoee 
inclnded ander D., may belong here. The rooks which appear to come 
ap fix>m below No. 4, near the EaHt Fork of Milk Biver, already fuUy 
described; (§ 280) fh)m their position might reprasent the Niobrara 
groap, and it is worthy of remark, that in their lithological character 
they pretty closely i*esemble Di\ Hector's groap D. Limestone beds, or 
even rocks containing many calcai*eou8 fossils, ai-e, however, altogether 
wanting, and the occurrence of richly cai'bonaceons clays so cloee below 
the base of No. 4, is somewhat anomalous. A similarity also suggests 
itself between these beds and those described by Dr. Hayden, * 
as directly underlj-ing the Judith Eiver fresh and brackish-water de- 
posit«. These Dr. Hayden pi-ovisionally classes with Cretaceous No. 1, 
and has obsei-ved in another locality, to pass beneath No. 4 ; which 
appeai-s to prove that in this particular region, Nos. 2 & 3, are unrepre- 
sented. The lithological resemblance is moderately close. 

Cretaceous No. 4. Fort Pierre Group. 

34*7. This gi-oup appears to occupy a very great extent of country in 
the region north of the forty-ninth pai-allel The junction of this part of 
the füi-mation with that next below it, is pretty definite, and there is 
not the same palax)ntological and lithological blending, that ocears be- 
tween the thi-ee members below it. At its base, occui's the first real break 
in the typical Cretaceous series of the interior of the continent ; and 
hei-e the line separating the upper and lower portions of the Cretaceous 
has been placed. In the Nebraska section, this division is represented 
by a great thickness of " fine, grey, and dai'k-ooloured clays, in moderately 
distinct layers, but nover presenting a laminated or slaty structm-e, like 
the Fort Benton gi-oup. When wet the clays are soft and plastic, but on 
drying they offen ci'ack and cnimble so as to obliterate the mai'ks of 
deposition in vertical exposures.^f Toward the base, there occurs in this 
division, in some place«, a local bed of from ten to thirty feet in thick- 

• Proc. AoBd. Nat Sei. Phil.« Umy, 1876. 
tG«ologlo»l Baport Ydlovston« and Miaaouil Bzpediüoii, p. 10. 
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nees, of fine unctaouB clay, with much carbonaceous matter, and contain- 
ing also crystals of pjrites and selenite, and impressions of fish scales* 
The westem outcrops of No. 4 on the npper Missouri, and along the 
Bocky Mountains, as fkr south at least as Colorado, appear to maintain, 
to a great extent, the charaeter which it presents in the east. 

348. The beds which I have inelnded in the Pembina Mountain group, 
appear to belong to this pai-t of the seriee. Theii* charaeter has already 
been fuUy deseribed. They extend, in all probability, on the forty-ninth 
parallel, from the escarpment of Pembina Mountain, nearly to the edge 
of the Lignite Tertiary formation, on the 102nd meridian. In the great 
scai'city of organic remains, they resemble the typical series as developed 
in the original locality near Fort Pierre,* and from the obscurity of their 
Bü'atigraphical relations in the Pembina Mountain region, their position 
might still remain a doubtful question, but for their precise lithological 
resemblance to beds, north, and west of this place, the horizon of which 
can be defined by palfißontological evidence, and superposition. The only 
part of the Pembina Mountain series, in which septarian nodules fonn a 
striking feature, is that shown at the foot of the escai*pment, and near 
the base of the sections there exposed. 

349. Where these rocks are again bi"Ought to view south of the Wood 
Mountain Teiüaiy plateau, their general appearance is somewhat different 
from that of those of the Pembina Mountain ' sections. l?hey are, as a 
whole, more crumbling and earthy, but extensive layers in them still so 
closely resemble the easteiTi rocks, as to be lithologically indistinguish- 
able from them. These harder layers do not appear to be confined to any 
particular horizon, but occur in different localities, sometimes near the 
top, sometimes nea]*er the base. The septai*ian nodules are now found at 
several different levels in the section, chai*acterizing narrow zones, and it 
is almost exclusively in connection with them that fossils ai*e presei^ed, 
the inteimediate beds being nearly as bari*en as the clay-shales of Pem- 
bina Mountain, but always clearly distinguishable from the overlying 
Tertiary rocks. 

350. After passing over a great piain based on Tertiary rocks, the 
4th gix>up again appears uptumed around the flanks of the Buttes, and 
still presei-ving — though now within a hundred miles of the base of the 
Kocky Mountains — its old characters, the only real change being the in- 
tiKxiuction of a few arenaceous layers, small in thickness and extent, but 

* Geologioftl Report Tellowsto&e »od HiMoori Expedition, p. 40. 
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sufficient to vindicate the character maintained through the whole of the 
Cretaceous period by the Socky mountain region— that of deposit by more 
rapidly moving waters. We8t of this place, the bedß of the Port Pierre 
gi'oup are not seen in the vicinity of the Boundaiy-line, though I am of 
opinion, from the i*apid soathwaixl slope of the countiy toward the 
Missouri Valley, that these beds of the Cretaceous must again eome to 
the surfuce not far Kouth of the forty-niuth pai-allel. The Missouri, it 
wonld seem, flows for the upper part of its eourse in a trough excavated 
in Cretaceous bedA, of which the southem part of the Lignite Tertiary, 
met with on the forty-ninth parallel, forms the noiihem edge. 

351. The chai*acter impressed on the face of the oountry, whenevar 
the beds of No. 4 immediately underlie the sui'face, is unfavourable in 
the highest degi*ee. Without the interniizture of foragn material, the 
debris of these rocks seems scai'cely capable of suppoi'ting Vegetation. 
Their fine unctuous chaj*acter prevents any di*ainagc fi*om below, and the 
plains based on them, altemate with the neason, firom the condition of 
soft tenaceous mud, to that of hard white sun-ci*acked clay. I have 
fVequently noticed spots poached up by the buf&loes in theii' spring 
migration, Consolidated by the heat.and drought of summer to such an 
extent, that the passage of twenty or thirty loaded Waggons will not 
suffice to form a level ti*ail. These clays appear also to want the 
Chemical ingredients of a good soil. Calcareous matter is generally 
almost entii*ely absent, and from the amall quantity of organic remains, 
and the refactory nature of the shales under the blow-pipe, phosphates 
and alkalies ai*e pix)bably deficient, the feispar being, to a great extent, 
kaoliuizcd. The saline waters of Springs issning fi*om these clays, 
impregnate the soil of the low grouuds and vallies, and produce condi- 
tions favourable to the growth of SaUcomea^ Ohume^ Sarcobatus, Ac., 
while the higher plains ai'e the most perfect deserts met with on the 
forty-ninth parallel, and aie often almost destitute of Vegetation; or, 
spai-ingly covered with Cactus and Stipa, 

352. Dr. Hayden, in ti*eating of this group, writes : — "This fbrmsr 
tion is the most inportant one in the Cretaceous System of the North- 
west, not only in i*egard to its thickness and its geographica! distriba- 
tion, but also in its influence on. the agiicultural capabilities oi the 
country." " In summing up the extent of country imderlaid by this 
great formation, we find that south of the Lignite Basin, it occupies an 
area of two hundred miles in length, and one hundred in width; or, 
twenty thousand square miles. North of the Great Lignite Basin, 
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oommencing at its first appeai*ance near Milk Biver, we find it covering 
an area of two handred mile» in length/and Bixty in breadth; or, about 
twelve tbouHand square miles. I have been thns pai*ticalar in estimating 
its approximate limits and extent of sürfiEtce, on accoant of its influence 
on the fatui*e destiny of that region. Whei*ever this depoßit prevails, 
it renders the country more completely sterile than any other geological 
formation I have soen in the North-west. We see from tho above 
estimate that it renders harren, over thirty thousand square miles of the 
Valley of the Missouri." * The contrast between the country resting on 
this formation, and that based on the Lignite TeHiaiy, is veiy striking, 
and even in regions whei'e the Vegetation is stunted from the want of 
suficient moisture, and whero the dry uplands of the Tertiary would 
seem, at fii*st sight, less favourable than the low-lying plainsof No. 4; the 
former can suppoH a short thiek growth of nutritious grasses, where the 
latter has the ehai*acter above described. In tracing the outlines of the 
various foiinations in a country where exposures are usually so rare and 
small, this diifei'ence of character in the aspect of its surface, is soon 
remarked as a valuable aid. 

353. These remarks, however, only apply in their entirety to the 
region south of the great transverse watershed, which approximately 
foUows the forty-ninth parallel ; and to the higher ground toward the base 
of the mountains. Wherever the causes which have produced the thick 
drifb deposits of the plains, have operated in their füll intensity, the influ- 
ence of the underlying beds on the soll, has been greatly modified by the 
addition of transpoi'ted material. This modifying action has perhaps no- 
where been moi*e eifectual, than over the areas covered by No. 4, which, 
from its comparatively yielding character, has been cut away into hel- 
lo^» and buried under great depths of travelled material. The improve- 
ment thus effeeted on the country is especially notable between Pembina 
Bscarpment, and the Missouri Goteau. I cannot speak from personal 
knowledge of the country south-west of the upper parts of the Eed Eiver 
Valley, but it is probable that the drift agencies have hei*e, to a certain 
extent, over-ridden the low barrier of the water-shed. Further west, and 
south of the Tertiary plateaus of Wood Mountain, and the Cypress Hills, 
the barriers to the north-eastem drifl appear to have been nearly com- 
plete. 

354. As already mentioned, the waters of Springs ilowing from all 
— - - 

*NotM expiflimtory of % Map and Sectlon of Country bordering on the Missouri. 1857. 
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parts of. No. 4 are impi^egnated with salts — piobably in the main godic 
and magnesic sulphutes — and are often ' also chai^ed with Bulphuretted 
hydrogen. Springs of this clasB were specially noted in the Pembina 
Mountain region, and whci*e the disturbed beds of this division are up- 
turaod at the Buttes. In the latter locality some Springs were found from 
whicli sulphuretted hydrogen was given off so fi-eely, and so little mingled 
with other gases, that it might be ignited on the surface of the water. 

355. Prof. Ilind, in 1858, recognised this di\ision of the Cretaceous 
in sevcral widoly separated localities, and obtained fossils from it which 
were examinod by Prof. Meek, and aided in fixing the position of the 
beds. The raost intei-csting soctions described by Prof. Hind, are those on 
the Souris River, a short distance abovo its jumtion with the Assineboin, 
and abont thirty milcs north of the east end of Turtle Mountain, or near 
the prosent westorn lx)undary of Manitoba. Several of the fossils ob- 
tained were spocifically new. The following list is given : Anomia Fle- 
mingij Inoceramus CanadensiSf Leda Hindi, Nanca obliquata, AveUana con- 
cinna and Ämvwnites.^ The two latter were obtained at the Two Ci'eek« 
on the Assineboine, sixty miles west-north-west of the Souris Kver 
exposui*es« Both these localities are intei-esting, as lying at no giDat 
distance north of the Line, and opposite a part of it where no sections 
appear. The other loculities for this division, mentioned by Prof. Hind, 
are : Big Cut Arm Creek, and Scissors Ci'eek, on the Qu' Appelle River ; 
also the South Saskatchewan near the Elbow, where Ävicula Ungmfomis 
was found; also midway up the escarpment of the second pmrie 
steppe, at Riding Mountain. 

356. Dr. Hector, in bis repoiii considers bis group B., to represent 
No. 4. He describes it as consisting of " Indurated olive-coloured sbales, 
with bands and fissures filled with clay ironstone. This foi-mation . he 
firat met with at Long River, the rocks of which are elsewhere described 
in this repoili (§ 195) and are identical with those of the Upper part 
of the Pembina Mountain series, as developed on the Pembina River. 
Dr. Hector, a few days afberwai*d, eiramined the exposurcs near Forked 
Creek on the Assineboine, from which some of Prof. Hind's fossils were 
obtained, and thei*e found the rocks to be exactly similar. Leda Hindi 
was also found, and in :iddition Ostrea lugubriSf scales of ctenoid fishes, 
annelide tubes, and plant i*emains. Group B., is also supposed to occur 
Bouth of the Qu' Appelle River, and on the North Saskatchewan for a eon- 

• Deeeribed and flgured in Report ÄBslnebotn and Saskatchewan Exploring Expedition. Toronto. 1850; 
and Narrative of tl)e Canadiikn Red River Exploring Expedition, London, 1860. 
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siderable distance above the Eagle Hills. The beds examined in tho 
localiües i-eferred to by both Hind and Hector, and those of Pembina 
Mountain, would noem to belong to the upper part of the 4th group, for 
Prof. Meek in writing of the fossils states that they ai-e of species which 
occnr in No. 5, as well as No. 4, butmere commonly in the latter, which, 
with the lithological chai*acter of the matrix " leaves little room todoubt" 
that the beds represent No. 4. 

SöT- DiNPision C, of Dr. Hector's section, correlated by him with Ko. 
3 of the Nebraska series, may now, I believe, also be certainly included 
in No 4. It is described as consisting of ** dark purple and brown 
laminated elays, with ironstone septaria, and sometimes erystals of 
selenite."* These beds were found at Fort Ellice, on the Assineboine ; at 
the elbow of the South Saskatchewan, in relation with the escarpment of 
the third prairie plateau ; at the base of the Cypress Mountains on thoir 
northern side, at the Eagle Hills, and on the North Saskatchewan at Fort 
Pitt. Fi-om the South Saskatchewan locality, Baculites comjiressus 
Inoceramm (/. Crepsü of Boemer and Conrad?) Pholadomya occtdentalis 
Morton, Cardivm, Exogyra^ Astarte Texana ^ and Cytherea were obtained, 
and are in themselves sufficient to mark tho horizon with some certainty. 

358. I have described sinailar rocks, ccrtainl}'^ referablo to No. 4, 
about fifty miles southward of the Cypress Mountain locality, roferred to 
in the last pai-agraph ; and a considerable stretch of country south of 
these hills appeara to be based on this membor of the formation. One 
hundred and twenty railes southward of the locality on the south Sas- 
katchewan, and south of the Lignite Tertiary plateau, sombre Creta- 
ceous clays, with large septarian nodules, exactly resembling those 
described by Dr. Hector, and containing some of the sanie fossils, are 
found, and are known to belong to division 4, not only by the fossils, bnt 
by their stratigraphical relation. These rocks were also found, aa 
already stated, to contain thick bands, indistinguishable from the harder 
clay-shales of Long Eiver and Pembina Mountain. 

Cretaceaus No. 5. — Fox Hill Group. 

359. The Fox Hill group, is the highest of the Cretaceous seriös of 
the west, and is thus described in the Nebraska section : — " This foi-ma- 
tion is generally more ai'enaceous than tho Ft. Pieri^ group, and also 
differs in presenting a more yellowish or ferruginous tinge. Towaixls 



* Explontion of Britiah North America, p. 226^ 
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the base it consists of sandy clays, bat as we aHcend to the higher beds 
we find the ai'enaceous matter increaHing, so that at some places the 
whole pa^es into a sandstone. It is not separated by any stitingly 
defined line of demarcation from tbe formation below, the ehange fh>m 
the fine clays of the latter to the moi*e sandy material above, being 
vory gradual,"* Nor doos the transition appear to be marked by any 
great ehange in life, as indeed this division might almoBt as well be 
considered the closing epoch of the last, but for the lithological bi-eak, 
and the peraistency of these upper sandstones over great areas. In the 
Black Hills region, and along the base of the mountains, they ai*e well 
developed, with similar lithological chaittcter. 

360. Thoughthis division must border the eastern edgeof theLignite 
Tertiary, its rocks are not there exposed in the vicinity of the forty- 
ninth pai*allel. The first beds distinctly referable to it, were met with 
in the Bad Lands south of Wood Mountain, and in the general section 
there designated by the letter 7. Their outcrop is again seen on the 
White Mud Biver, and they must foUow continuously along the southem 
base of the Tertiary plateau, though seldom exposed. They were not 
seen at the junction of the Cretaceous and Tertiary, east of Milk Biver, 
but their position was marked by sand-hiils. On the fianks of the Buttes, 
they are again brought to the sui*face, and eonsist of rather hard sand- 
stone, with some softer and more argillaceous beds near the base. 
Judging fi"om the few localities where they were obsei-ved, the extent of 
their Induration appears to increase westward, being greater in the 
White Mud Biver sections than the Bad Lands, and still more pronounced 
near the Buttes. 

361. Prof Hind notes the occuiTcnce of these rocks in two places 
only, both situated on the northem edge of the Wood Mountain Tertiary 
plateau. The fii*st is at the junction of the Eyebrow Kill stream, on the 
Qu' Appelle, where ferruginous clays, and haixi greenish sandstones, with 
some veins of selenite, appear. The second locality is the Elbow of the 
South Saskatchewan,! where the rocks consist of greenish, andyellowish- 
groy sandstones, with some clays, and large imbedded concretions. The 
fossils obtained from these were submitted to Pi-of. Meek, and by him 
stated to be charactenstic of group 5 ; the foUowing species being repre- 
sented : ScapMtes GonrouUy Nautilus Deckyi, Ävicula linguiformis, Avicuia 



* Geological Iteport YeUowstone aad Missouri Expedition, p. 28. 
t Tliis is probably also the loc»Uty deecribed by Prof. Bell Report Prognss QeoL Surr. Ouads, p^ 
75. 1873-74» 
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NebrascanOj and BosteUaria Ämericana. As localities of this group, Dr. 
Hector mentions doubtfully the Elbow of Battle Eiver, and the lower part 
of the aection at the Boche Perefo. The latter may now be included oer- 
tainly in the Lignite Tertiaiy. The former is not fully described, and no 
foBsils appear to have been obtained from it. 

Distribution of Cretaceous Subdivisions. 

362. Taking into account, the whole of the Information accessible 
on the CretaceouB formation in the interior region of British Noilih 
America, and the general contaur and chai*acter of the country ; the limits 
of Bome of its membei-s, and the ai*ea they Cover, may be laid down with 
an approach to accmticy. The weöteni boundary of No. 4 crosses the 
forty-ninth parallel, between the 170 and 240 mile points west of Bed 
Biver, and probably neai*er the latter than the former. Thence it runs 
west-north-westward, and passing north of the Lignite Tertiaiy beds dis- 
covei-ed by Prof. Bell near Dirt Hills, becomes nearly identified with the 
edge of the Missonri Coteau, before reaching that pai-t of it called the 
Thunder Breeding Hills on Palliser's map. Thence, afber dipping south- 
ward into one or two deep bays, it i'eaches the Gypi-ess Hills. A narrow 
neckof these Ci*etaceous rocks, may thence possibly pass round the west- 
ern escai^pement of these hills, and unite with the wide area covered by 
them to the south, where they Stretch from long. 109° to about long. 
110° 20' on the Line. The strip of this formation north wai-d of the Cy- 
press Hills, is, according to Dr. Hector's map,* quite nai'row ; and north- 
ward from the Thunder Breeding Hills he has laid down the westeini edge 
of the rocks which I identify with No. 4, as nearly foUowing the edge of 
the third praii'ie plateau, — ^previously described, — to the North Saskat- 
chewan. South of the Wood Mountain poi-tion of the Tertiary plateau, 
the rocks of this series, and of No. 5, have a bi*eadth of about eighty miles 
on the forty-ninth parallel, and stretch north waixi in the form of bays 
and inlets into the Tertiaiy. Bound the whole of the northem edge of 
the Missouri Coteau, the rocks of No. 5, probably cover but a narrow strip 
of ground, between the boundary indicated for No. 4 and the Tertiary to 
the south ; with, however, the exceptiou of the locality near the Elbow 
of the South Saskatchewan, where they appear to be moi*e important, and 
to underlie a considerable area. 

363. Eastwaixl from the edge of the thii*d plateau, ix)cks of the age 



* Journ. GtooL Soc., toL xvU. 
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of the Fort Picrro group, probably occupy nearly the whole arca of the 
socontl platcau, south of the North Sn^katchowan, and between it and 
tho Boundary-Jine. Eaetward, they terminate in the escarpment over- 
looking Manitoba Lake, and the low hmds of the Eed River Valley. It 
is posöible, however, that future expl irations may bring to Hght, over 
this great aroa, many places where the beds of No. 5 have been 
preserved, from their suporior hardn&S8, eapeeially in such high-lands as 
tho Touohwood Hillö, and parts of the so-called 'mountains' of the 
eastern oscai'pment. Outlyers of the Lignite Tertiaiy may even yet be 
found. 

364. The rocks of the earlier Cretaceous do aot seem immediately to 
underlio any great area on the eastem edge of the formation, bat to occur 
merely along the base of the high-lands formed by No. 4. In the 
vicinity of the forty-ninth parallel, they are completely hidden by 
alluvial deposits. If it be supposed that No. 4 is shown nearly to ite 
base, in Pembina Escarpment, on the Line ; allowing the two lower 
divisions the same thickness assigncd to thom by Meek and Hayden in 
Nebraska, and taking the general slope of the prairie sui*face towai^ 
Red River, as representing that of the :lenuded edges of the rocks below, 
— suppositions, none of which are probably fai* from the truth — then, 
rocks of the 3rd Group, with a thickness of 200 feet, would have their 
eastern limit about twonty miles from the base of the escai-pment, while 
thosc of the two lowest groups, would pa«s below the bed of the Eed 
River, with a thickness of about 1,000 feet. This would allow them to 
abut directlv on tho older Silurian or Laureutian rocks of the east. 
Rocks apparently belonging to this formation, as proved by boring, 
underlie the alluvial and glacial drift deposits of the l^ßd River Valley, 
at Morehead, 180 miles to the south ; and are also now known to ove^lap 
Laui*entian and Silurian rocks in south-westem Minnesota.* While it is 
probable that they exist below the Red River prairie on the Line, at 
least as far east as the river, and very likely to the eastern palsDozoic 
boundary of the Valley ; it is hai-dly probable that they do so in such 
force as abovo indicated. The basin of older rocks containing those of 
the Ci'etaceous, pi'obably shoals rapidly eastward, and would cause theso 
marginal bods to be thinner than those of the Nebraska section. It is 
also probable, that their eastern edges may have a pronounced westward 
dip, which would cause them to run out more rapidly. As a proof of the 



* Prof. N. IL Wiiichell, Seooud AanuAl Report QeoL Surv. Mino., 1874. 
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general horizontality of the Cretaceous rocks, however, it is worthy of 
notice, that the difference of elovatioii betweon the Station at the foot of 
Pembina Eöcarpmont, — where No. 4 i» neen, — and the point where the 
Cretaceous rocks ai-e known to be ovt»rIapi)ed bj the Tertiaiy, 200 miles 
wostwai'd, is about *J50 feet; 700 fect being the thickness aasigned to 
No. 4, in Nebraska. This would allow the beds to be almost perfectlj 
horizontal, as No. 5 is only about eighty feet thick^ when seen near Wood 
Mountain, and the base of No. 4 is not exposed at the first mentioned 
locality. 

The possibility of the discovery of lignites in the lower Cretaceous, 
has been already advei*ted to, and the oxtent of this portion of the 
formation, may perhaps become a quostion of some importance in this 
regard. 

Lignite Tertiary Formation» 

365. The highost beds of tlie Lignite Tertiary series, in the ^ncinity 
of the forty-ninth pai*aliei, are probably those which occur about Porcu- 
pine and Pymmid Ci*eeks, and the Gi-eat Valley, and high lands south 
of the Missouii Coteau ; and I am inclined to believe that if there is any 
difToronce of horizon among the beds of these localities, those of the first 
mentioned may somewhat overlie the others. At the same time, in a 
rcgion where local dips due to original iiTcgularity of deposition,so much 
surpass in amount those due to any general inclinatioD of the beds; 
and where individual strata have so littlc eonstancy, and good exposnres 
occur with comparative rarity, it is impossible to arrive at Bny very 
precise knowledge of the equivalency of the beds of different localities. 
The crecks above mentioned cross the Line at the 385, 352, and 345 mile 
points respectively, and have been proved by the exploi-ations of Lieu- 
tenant Groene of the U. S. Northern Bonndaiy Survey, to be tributaries 
of the Quaking Ash, an affluent of the Missouri. In connection with this 
part of the section, numerous and important beds of lignite occur, in 
association with gi'eyish, yellowish, and pui-plish arenaceous clays, sands, 
and little Consolidated sandstones, and bands of ironstone. The deposit 
shows no trace of marine or brackish-water conditions, and wherevcr 
romains of moUuscs are found they ai*e those of fresh water. The lignit438 
ai)poar to prove the frequent elevation of parts of the ai^ea above the 
surface of the wator, and the general prevalence of plant i*emains in the 
intervcning sands and clays, show that at no time wei*e land surfaccs for 
removed. 
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366. The upper beds of the Souria Eiver sections, in the vicinity of 
Wood find Depot, though probably occupying a position inferior to those 
of the localities above mentioncd, cannot be sepai-ated from them by any 
determinate eharacter. They show perhaps a somewhat more regulär 
deposition, and a more rapid altemation of conditions, bat are little, if at 
all, more indnrated. The lower beda of the Somns Eiver Bections, including 
the nodular sandstone of the Eoche Pei*c^e series, are in great part 
arenaceous, which, together with the frequency with which some-of the 
mollnscs have sustained fi*actui*e of their Shells during life, would 
indicate disturbed watei*8. Nothing of the nature of a conglomerate, 
however, occurs, nor can the sandstones often be considered coarse. In 
beds overlying the Boche Perc^e sandstones, the only i*emains indicative 
of bi'Hckish-water, — being Shells of Corbula, — ^were found; and these 
were in association with preponderating numbers of purely fresh-water 
forma. 

367. In my Pi-eliminary Report on the Lignite Tertiary, the foUow- 
ing remarks, bearing on the position of its eastern limit on the Boundary, 
were made : — ^The Souris Valley, for about foiir miles east of the Eoche 
Pei-c^, continues to show numei*oua sections of the usual clays and sands, 
and hardened sandatone beds, — the latter in one place neai*ly three miles 
©aat from Boche Perc^e. — foiming a gix)up almost equally picturesque 
with it. Eather haM beds of sand and sandy clay are seen in several 
places to underlie the sandstones, and one of these was found to be filled 
with well-preserved specimens of a peculiai* JPaludina. About a mile 
further east, the valley changes ita eharacter con8idei*ably; the banks 
fonnerly acarped and clayey, are replaced by regulär grassy slopes, and, 
though followed for a distance of ten or fiiteen miles beyond this poinl, 
yielded no further sections This change I am at present disposed, in 
the absence of more ceilain data, to consider as indicating the passage 
from the Lower Tertiary beds to the Oretaceous. The eastern edge of 
the outcrop of the hai-der beds connected with the Boche Perc^, also 
appears to be indicated by a slight, though pretty well defined step in 
the level of th© pi'aiine, which may be considered as the fii-st gentle 
rise of the Missouri Coteau, and runs about south-eastward to the 
Boundary-line, which it cix)sses near the 240 mile point. The spring, 
known among the Half-breeds as Peter's Spring, lies at the foot of this 
Step, not far north of the Line, and is probably connected with the 
junction of the more pei-meable sandstone beds with the underljäng 
impei-vious clays. It is possible that lignite coals of importance may 
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exist on a lower horizon than tliiß, and in beds »howing a more deeided 
appTOxiraation to marine deposilion, and cretaceoun forms of life; in 
which case their out-crop would oi-ccur still fVirther to the 6a.st. It is 
not, however, very probable that this iö the ca«e, as tlie invejügations of 
Hayden and others south of the Line seem to show that in the eastem 
region the doportition of lignite did not commence tili the couditionfi of 
the Cretaceous foi'raation had distinctly passed away. 

368. I am now aware of the existence of n lignite bed a few inches» 
in thicknosH in clay beds underlying \he Boche Pere^ sandstone, in a 
tributary of the Som*is Biver, and this, taken in eonnection with the posi- 
tion of the presumed representatives of those sandstones in the western 
development of the foi*mation, would seom to show that some thickness 
of Tertiary beds may underlie them. This would place the outcrop of 
the eastern edge of the formation at least several miles further eastward 
than above stated; as shown in the map accompanying this Beport. 
North-westward from its intersection with the forty-ninth pai-allel, the 
Position of the line of junction laid down on the map, is not founded on 
direct Observation, the country being thickly covered with di-ift, but 
includes all known cxposui'es of the Tertiary — joining with Prof. Beirs 
observations northwai-d — and is pi-obably not in any part of its course far 
fix)m the truth. 

369. The paliDontological resemblance of the portion of the Lignite 
Tertiary above described, with the typical Fort Union beds, is exact. 
Their lithologieal similarity, though loss to be depended on, is not loss 
striking; but the rocks of the forty-ninth parallel, when compared with 
the sections on the Missouri Biver, appear to show a general tendency of 
the beds, northwaitl, to include more carbonaceous matter. The lignites 
are more frequently fbund, are generally thicker, and almost always more 
compact and pui'er than those of the eastern cxtension of the Tertiary to 
the south. The identity of the rocks on the Line, however, from tlie 
Boche Percee westward to Wood Mountain, with the eastern fh)sh-water 
extension of the southern Lignite Tertiary, geneitilly known a» the Fort 
Union Tertiary, does not admit of doubt, and to whatever horizon the 
one is fiually adjudicated, the other miist follow. 

370. In continuing a review of the formation westward, the sections 
in the Bad Lands south of Wood Mountain next require mention. Here 
the Lignite Tertiary is found with a somewhat different appearance; 
and westward fix)m this point it gradually changes, tili in the region 
around the Buttes, it has assumed an appearance so entirely different 
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f rom that of it« eastern developmeiit, thai were sections from the two 
localitios dii-ectly compared, it would be difficult to pi-ove their equival- 
ency. The beds best exposed in the Bad Lands, it is true, are at the veiy 
base of the formation, and lower than any seen east of this place ; ntill 
their difference, when compared with thoue of the Sooris, is not veiy 
stnking, and chiefly obtains with the lowest beds of division ß., which 
are more massive, and homogeneons, while the upper part of this division, 
with its lignites, corresponds closely enough with the h'gnite-bcaring 
beds near Wood End. In some of the lower beds of ß., a pale gi*eenish 
grey tint, not previously observed, appears; and the introduction of 
reptilian bones is a new featare, none having been found east of this 
place. No mollascoas fossils were found in the beds of this locality. 

371. On the Milk Biver, where the next great series of exposures of 
this formation occai*B, its character has nndergone a further change. The 
pale greenish shade is now more pronounced, and characteristic of a 
greater thickness of the beds ; and while well marked fresh-water mol- 
luscs abound, they are mixed for the first time with the remains of Ostrea, 
a marine genus. Lignites still occur, thongh not abimdantly, and 
reptilian bones are found in certain layera. Midway in the section, 
is an important band^of sandstones, which may be placed, conjoctui*ally, 
on the horizon of those of the Eoche Perc^e and division a. of the Bad 
Lands. The change from salt to fresh water eonditions, which, in the 
eastem regions seems synchi'onous with the change fi-om Cretaceous to 
Tertiary, hcre beginn to fail us as a test. 

372. In the vicinity of the Buttes, or Sweet Gi-ass Hills, while lignites 
and carbonaccous clays still occur, the beds are charactcrized by the pre- 
sence of Ostrea Shells in great numbers, with one or moi'e species of mol- 
luscs identical with those of the Bitter Oreek coal series of Wyoming, 
and a Bostia (Neritina) apparently indistinguishable from those of Coal- 
ville in Utah. Near the first and second branches of the Milk Biver, 
where the formation is again well exposed, there is a remarkable rever- 
siqn to fresh' water eonditions, quite at variance with its general tendency 
to become more strictly marine westwaixi. Dinosaurian^and other repti- 
lian remains, however, still occur in connection with Z7mo, near the First 
Branch, and on the Second Branch the bone-bearing beds appear to overlie 
a considerable thickness of stmta holding LiTimcea, Paludina^ Planorbü, 
and Sphosrium — some of which are identical with those of the well- 
defined eastern Fort Union beds. Greenish-grey, ai'enacoous clays, now 
constitute a large part of the sections, coarse sandstones occur fre- 
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quently, and a few beds of conglomerate are noted. No ligniteB were, 
however, ob»ei*ved in this pai*t of Ihe toiiuation. 

373. Where next met with, on the St. Mary Eivor, tho bcdß of ihe 
formation repi'eBonted^ ai'O probabh'' considerably below thone of the 
laHt localities. They still have much tho same genei*al charaoter ; and 
greeniBh, arenaoeous clays are conspicuous. They are more Consolidated, 
however ; the coal found here diffora considerably from the lignites of any 
of the eastern localities, and the mollusca, thougb probably esüiarine, 
ai-e decidedly salt-water foims. No reptilian remains were found in 
this neighbourhood. 

374. It would thus appear, that thoagh the general tendeney of the 
Liguite. Tertiaiy, is towaixi salt-water conditions westwaixi, and those of 
frosh-water lakes to the east, that there are impoi*tantexceptions ; and that, 
while brackish- water forms spread eastward in the lower beds, as far as the 
Boche Perc^,*frash-water species are scattered westwaixi, nearly to the 
base of the mountains, and sometimes occor in great abandance. A n>ne 
of sandstones appears to be of veiy con^tant occurrence in the formation. 
It appears on the Souris Eiver, forming the Boche Perc^. In the Bad 
Lands it is aboat 150 feet above the Cretaceous rocks. In the valley of 
the Milk Biver, aboat 200 feet above the base of the sectlon, and in the 
region surrounding the Buttes, at several miles from the base of the 
mountains, and therefoi*e, probably several hundred feet up in the 
Tertiary. The c^jrrelation of the sandstones of any one of these western 
localities, with those of the Boche Pei'cfe, might be open to great doubt; 
but fix>m their occurronce so peraistently, at a horisson in the formation, 
approximately the same, I think that they may be considered as repre- 
senting the Boche Percee, series with some degree of oertainty. In the 
Missouri Begion, south of the Line, the Lignite formation is assigned a 
thickness of abont 2,000 feet. I have not met with any locality near the 
forty-nlnth pai*a]lol, where it might be even approximately detcrmined; 
but, assuming the horizontality of the beds, the rise in the genei^ 
surfaoe of the country would give it, in several places, a thickness of at 
least 1,000 feet. . 

Fi'om the Souris Biver, westward, the Lignite Tertiaiy nearly 
alwayn occupies high gi-ound, and frequently forms a well-mai*ked plateau, 
resting on the clays of Cretaceous No. 4. 

375. Though I have not yet had an op^wi-tunity of compai*ing the 
fossils, obtained in the westeni maiine and bi*ackish-wator beds of the 
Tei*tiaiy on the forty-ninth parallel, with those iVom the Judith 
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ßiver beds of the Missouri, I have little doubt of the identity of the 
formatioDB. The age of these Judith Biver beds has long been an 
unsettled question, and thcy have only lately been included by some 
geologists, with the remainder of the Lignite Tertiary, and called Gre- 
taceouB. Dr. Hayden .was only pi*evented fh>m calling them Fort 
Union Tertiary* by the occurrence of certain vertebrate remains — 
the meaning of which ib now better understood. The lithoiogical 
resemblance between these beds of the Line, and those of üie Judith 
Biver, is close. 

376. Prof. Hind did not recognize the Lignite Tei*tiai*y foimation in 
any part of the North-west ti-averaed by him, while in connection with the 
Afiäneboine and Saskatchewan Exploring Expedition. Dr. Hector, while 
in some doubt whether to attach the beds seen by him near the Boche 
Percde to the top of the Cretaceous, or to the Lignite basin of the Mis- 
souri, appears to regard the latter conclusion with most favour ; and bis 
supposition is now bome out by their fuUer examination. He also 
considers Eocene TeHiaiy to be represented, in the upper beds of the 
Cypress Hills, and colours them as marine Tertiary in bis map and sec- 
tion published in the Greological Society's Journal. The following fossils 
wore obtained in this locality : MacUola, f sp. Ostrea Velenianüy Unio, 
Cardium, f sp. '^The existence of Tertiary strata, ascertained to be soby 
their organic remains, has only been proved at one point west of the Cy- 
press Hills, where Mr. Sullivan obtained Ostrea VeUniana^ associatedwith 
a Modiolüf and a few other fossils which Mr. Etheridge, who has named 
all the Neozoic fossils brought home, has been unable to identify. The 
beds from which the fossils were obtained, consisted of fHable sandstones, 
with argillaceous and calcai*eouH concretions, the bedding heavy and 
iiTeguIai', and often passing into incoherent pebble conglomerate. Judg- 
ing alone from the mineralogical resemblance, these beds were recog- 
nized over a considerable area, but always forming high ground in the 
neighbom*hood of the Missouri Coteau, south-east fit>m the mouth of 
Belly Biver." f 

377. These remarks are interesting, as bearing on a locality not 
forty miles north of the magnificent exposures of paitly marine Tertiary, 
in the banks of Milk Biver near the Line, and indeed, if the fossils men- 
tioned as obtained by Mr. Sullivan, wefe coUected while on bis brauch 
expedition to the 80uth,| they may have been derived from some of the 

* Proc Acad. Nat. Sd. PhlU, JUy,1875. 
t Exploration of Briiiih North America, p. 294. . | S«e general map, Op. eU. 
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8ections which I have examined. I cannot doubt that the&e maiine 
Tertiaiy beds are a part of the series bo extenBively developed od the 
Milk River and in the region of the Butten. The Cypi'eBs Hills, likethe 
plateau of Wood Mountain, and other Tertiaiy plateaus near the Line, is 
characterized by eomparative fertility, and Bupports a good growth of 
grasH, while surrounded by baiTen plains of Cretaceous No. 4. Captain 
Palliser wnteH : — ^' In the midst of the arid plains traversed by the South 
Saskatchewan, there ara isolated patches of tablo-Iand, upon the t»urface 
of which the Vegetation bocomeä luxurient, and pattture of fair quality 
may be found.*' * The Hand Hills are mentioned as an example of this 
peculiar featiu*e, which so sti'ongly suggests the repetition of the super- 
position of Tertiaiy rocks like those of Wood Mountain, on the Cretaceous. 
The i*ockB of the Hand Hills, above referred to, are classod by Dr. Hector 
in his gronp D., and consist of sandstones and banded clays, which much 
resembie in their lithological character those of the Lignite Tertiaiy. 
Though it maj' bc hazaitlous to gencralize in so vast a eountiy, where our 
knowledge is as yet so scanty, I cannot help believing that some part — 
perhaps a great part — of the thiixi prairie plateau, mai*ked in Dr. Hector's 
map as Lower Ci'etaceous, may yet be found to be the equivalent of the 
mainne and estuai'ine base of the Tertiary. 

• Explontlon of British North America, p. 11. 
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Conditians implied hy the Cretaceous and Tertiary Deposits. — Nature and 

Origin of their Material. 

378. The question of the origin of the material composing the Ci'e- 
taceous and Tertiary rock« of the interior Continental region, is one of 
considerable interest. The general aspect of the beds of the firat and 
seeond divisions of the formation, is that of shallow-water de]X)sit8. They 
consist largely of Bands, and coarse detrital materials, and, fix)m the fre- 
quent occuiTence of land-plants, and the occasional preservation of freöh- 
water molluscs, in both their eastem and weBiern developments, argue the 
neighbourhood of considerable areas of dry land. The thiixi, or Niobitira 
diviBion, in the eastem portion of the area, conBists in great part of the 
cale:ireous remains of molluscs, foraminifera, etc., and resembles the accu- 
mulation of a somewliat deep sea, from which cold ai'ctic currents were 
excluded, and into which very little detrital matter was being caiTied. A 
general depression of the prcHcnt surface of the continent, to the extent 
of about 1,500 feet, would give a dopth of 700 to 800 feet, above the hori- 
zon of the Niobrara depoHÜs ; and would be amply sufficient to satisfy the 
conditions indicated by their animal remains. A depression of this ex- 
tent, would however, almost submej'ge the Laurentian bamer to the north 
and east, and would suffice in its prcsent condilion to open bi*oad avenuea 
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through it, to the waters and cun*ent8 of the Northern Sea. Before the 
Ci*etaeeous period, however, the Laurontian axis had probably acquired 
it8 füll height from local elevatory action, while it« actaal snmmit most 
have been much higher than at prenent, aa it had not then suifered the 
extensive denudation of Tertiary time, and of the glacial period. It 
wonld, therefore, stand suffieiently above the water, with such a degreeof 
Continental submergence aH tiiat indicated, to form an efficient barrier to 
the north-east, and yet not pi'esent a sufficient surface of its own to 
sub-aenal denudation, to supply, under oixlinary circumstance», much de- 
ti'ital matter to the suiTOunding seas. Even at this time, the region of the 
futui*e Eocky Mountains, must have been marked out by shallows tmd 
banks, and perhaps also by small ai*ea8 of dry land, for the calcareous de- 
posits do not retain the eharacter of their eastem developments, to their 
westei*n bordei*8, but are to a great extent replaced by arenaceous and 
other mechanical Sediments ; while still containing a sufficient number of 
the characteristic fossils of the Niobrara division to prove their age. 

379. Between this division of the Cretaceous, and the next in order of 
time — that known as the Fort Pierre group to the South, and represent- 
ed by the Pembina Mountain group in Manitoba, and also extensively 
westwaixi, to the north and south of the Line — there exists an evident 
break, which is not alone marked by a palax>ntological change, but by the 
sudden Substitution of fine homogeneous argillaceous Sediments, with 
scai-cely a ti'ace of caleai'eous matter, for those consisting almost entirely 
of the calcareous remains of marine life. The suiface of the Niobrara 
deposits, has also been notieed, in some places, to have suifered erosion 
before the deposition of the first beds of the next group. I am not awai^e 
that piK)of exists of the elevation of any part of the area, to such an ex- 
tent as to permit sub-aerial denudation, and it is probable, that the suifaee 
of these soft calcareous beds, was fun-owed by the action of rather strong 
marine cuiTents ; which now, from some change in the physical geogi*apby 
of the period, gained access to the region. Whether this change was 
brought about by the opening of an easy comraunication from the waters 
of the noi*thern to the southei*n ocean, between the Eocky Mountain re- 
gion and the Laurentian land, by the submergence of some baiTier tili 
that time existing, it is impossible to say with any degi^ee of certainty. 
This would, however, seem to offer the most tenable Solution, and it is 
further pi'obable, that this change was caused by a general movement of 
depression which brought rocks decayed by sub-aerial weathering, under 
the action of the sea, and served to supply ready-made material. In any 
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case, the depOBita of this divisioD resemble, in thoir fineness and homo 
geniety both in tiine and extenäion, sediraent borne far bv marine 
currents and deposited in a »ea of some deptb, rather than that formed 
from the denudation of neighboimng land. In the Bocky Mountain i'e- 
gion, however, these deposits still show the existence of somewhat shal- 
lower water conditions, and though generally maintaining somewhat the 
aspect of these eastern representatives, contain much coai-sor matter. 

380. In the closiug period of the Cretaceous, represented by its fifth 
di Vision, we have continually shoaling watere, and the introduction for a 
üomparatively limited interval, of deposits, for the most pm't, coarae and 
arenaceous, and aimost destitute of organic remains. This shoaling of the 
ai*oa, may have been prodiiced not so miich by any general elevation of 
the continent, as by the inereasing thickness of the Cretaceous dcponits 
themselves, Avhieh may now have amounted in somo places to over 2,000 
feet. If this was the case the banks and shoals of the region now marked 
by the ranges of the Rocky Mountains, need not have been raised up into 
extensive land areaä, bat would retain the character so long maintained 
by that area, and now again assumed by the interior continental region 
generally. The distribution of this aronaceous material was probably 
due to arctic currents, no doubt, then as now forming a part of the 
general oceanic circulation. These, like those still flowing down the 
eastern coast of America, would be urged westwaixi by the rotation of the 
earth, and passing over the extensive • shallow water area of the contin- 
ental plateau, would find — if not a coutinous sea — wide straits and opon- 
ings through the Rocky Mountain region, and fall thence into the deeper 
basin of the Pacific. Professor Newberry, from the indications fumished 
by a companson of the floras, concludes that relative dilferences of tem- 
perature, similar to those now obtaining, existed during the Cretaceous 
and Tertiary penods, between the interior continental region, and the 
west coast.* If the former region was influenced in the manner abovo 
supposed, by the arctic currents, while the shoros of the latter wcro 
bathed in warmer watera flowing fi-om the south, as at the present 
day, this may easily be accounted for. 

381. It would thus appear, that the Ci'etaceous opened with a period 
of considerable land surface, shallow watere, and curi'ent-driven sand- 
banks, which also extended to the Mississippi region, described by Prof. 
Hilgai-d; and probably to the Cretaceous coast4ei)Osit8 of New Jei'sey , 
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This seeras next to havo been followed in the intorior continental region, 
by a gradiial subsidcncc, diiring v.hich the second division was fonned. 
Tbe cessation of subsidence— -or ponsibly even a slight movement of ele- 
vation — and the advent of a pi'oloTigod period of comparative ti-anquility, 
with certain othcr favouring circumstances, gave rise to the Niobrara 
Hmestone formation. The indications next favour the belief of a second 
subsidence, admitting marine ciuTcntM and bnnging onimportant changes 
in physical geography. Diu'ing tliis period, according to Meek and Hay- 
den/a part of the clays and green-sands of New Jersey, wei'e foimed on 
the Atlantic coast ; and in the Mississippi region, according to Hilgard, 
the Rottcn-limcstone group was deposited. The fact that calcareous beds 
were being formed in the southern |)ortion of the interior continental 
trough, while such pui*ely argillaceous deposit« were produced in the noiiJi- 
ern; would also tend to verify the supposition of the enti*ance of 
sedimcnt-bearing watens from the north. Closing the Cretaceous, pitH 
perly so-callod, the fifth division shows the resumption of shoal water and 
sand-bank over the entire northem jx)i'tion of the interior, a change pi^o- 
bably at least aided by elevation. But that the decreascd depth was per- 
haps mainly due to the filling up of the northem portion of the basin, 
seems to be indicated by the fact, that limestones and marlites stiU con- 
tinned to be dc{x>sited in the Mississippi region. 

382. The early Cretaceous period, from the evidenco chiefly of the 
plants of the Dakota group, must have had a tempcrate climate. Duiing 
the succeeding agcs, the heat was no doubt becoming greater, fbr though 
thcre is no complete succession of land plants, we find a well-marked max- 
imimi of temporature, as stated by Prof. Lesqereux, in the early i^nod 
of the Liguitc Tertiary, and ivom that time the change was back again to 
a climate i-cMcmbling that of the Dakota group, if not even cooler. 

383. Prof. N. U. Winchell, in bis la«t published rejjort, aiuiounces 
the di»covcry of extensive bedn of gianite decomposed in place, and 
kaolin-like material, covering the oldest rocks of south-westera Minne- 
sota, wherever they have been protected by overlapping Cretaceous beds from 
tlie scouring of the drift period,^ This thi^ows much light on tho origin of 
the fino clayey, and coarser sandy deposits of the Cretaceous, and shows 
that the rockw of the Laurentian axls must have been much decomposed 
by sub-aerial action prior to the o^wning of the Cretaceous period, and 
that these soft materials brought under the action of the waves duiing 
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tbe saecoeding periodB of deprossion, could supply a great quantity of 
ready formed detntus. 

384. The earlier bods includod in the Lignite Tertiary series, whilo 
showing a continned pi-ogresBion of the physical changes operating 
during the later Cretaceous periods, evidence the elevation of rnuch 
dry land ; and thongh these deponits ai'e supposed to have passod entirely 
across the present Bocky Mountain region in some places, * still, aboat 
this time a pretty continuous bairier of land must have been formed 
thei-e. The northern current still passed along a nan*ow trough on the 
eastem margin of this land, and piled up local and in*egular sandbanks, 
while numeroos moUuscs of shallow and brackish-water types, assisted in 
the formation of the deposits. At the same time, or very shortly after- 
waixi, forther to the east, mach finer Sediments were being laid down 
with considerable regularity ; and only in the very lowest layera of these 
do we find salt or brackish-water species of Shells. The source of the 
vast quantity of fine argilo-arenaceous mateiial of the Lignite TeHiaiy, — 
much of whieh must have been depositad in land-locked basins, — is a ques- 
tion of very great difficulty, unless, indeed, we may suppose that some 
parts of the Cretaceous series were already undergoing denudation by 
rain and livers. If the Bocky Mountain region became an actual land 
bari-ier about the beginning of the Tertiaiy, the later Cretaceous deposits 
of the west coast, should present a more coarsely detrital aspectthan those 
of the westeini pai*t of the interior of the continent, while those of the 
earlier Tertiaiy, should be relatively finer in thejfirst locality. For, dur- 
ing the former period, the shallow banks and bai*8 would supply material 
to the south-westem diift, while during the latter, they would prevent the 
access of other Sediment than that derived from their own waste. 

38/5. It is unnecessary here to recapitulate, in giving an account of 
the lithological character of the beds of the Lignite Tertiaiy, which are 
fully described in connection with the vanous sections on preceding pages. 
In Home parts of the formation, however, the lignite beds themselves 
constitute a not unimportant pail of the thicknoss of the strata. In one 
oi the Souns River sections, in a total thickness exposed of 57 feet, the 
lignite amounts to 17 feet, and is disposed in seven distinct beds, separ- 
ated by clays and sands. The lignites themselves compai*atively seldom 
show intercalations of shale or detrital matter, and theii* ash is found, as 
a rule, to consist of very fine whitish, to pale yellowish or reddish, earthy 
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matter, withoat coarse grains, and not more in amount than may have 
been contained in the BubHtance of the original vegetable material8. 
Though some of the lignites may have been formed from accamulationfl 
of drül-wood in shallow water, it is difficult to underntand how euch 
collection could go on for long poriodH, without the contemporaneond 
deposit of Bandy or muddy matters, which would have been sospended in 
waters moving with siifficiont force to convey the wood. It would also 
appear diffioolt ander this theory, to explain the regulär and even super- 
Position of the sandy and clayey beds, which overlie tho lignites, and the 
fact that these do not send oxtensions downwaixl into them, as they must 
have done if formed above a tangled mass of ti-onks and bi*anchesof trees. 
It seems likely, therefoi-e, — though layers like true root-beds were only 
observed in one or two instances to underlie the lignites — ^that at 
least the majoiity of these beds were produced by the growth and 
partial decay of trees, and also perhaps of peaty matter from swamp 
mosses, in the positions which they now occupy. Their method of for- 
mation would, thei*efore, agree with that already proved for coals of the 
true Carboniforous formation. This is rendered more probable by the 
circumstanee that lignite beds are sonietimes immedidtely covered by beds 
holding leaves of trees, fei-ns, and gi*asses, a fact which has been noted 
by Dr. Haydcn and others with regaixi to those further south, and 
which is also found to obtain with coal beds of the Carbonifeix>us period. 
Some of the more impure beds, indeed, seem still to show evidence of 
havmg been formed from accumulations resembling those of a peat-bog, 
in which occasional logs of wood have been endosed. A great part of 
such a bed is soft and structui^eless, but it holds irregulär masscs of hard 
jet-likc material, with conchoidal fracture, and evident remains of Woody 
structure. As already stated, also, somo of the more impui-e lignites 
Seen in the further westorn portion of the formation, seem compatiblo 
with the explanation of fonnation fh)m drift-wood. 

Combustian of Lignite Beds, 

386. In connection with the Lignite Teiüary, the phenomena of the 
cpmbustion of lignite beds ovcr great areas, and the metamoi-phosis of 
rocks, and features impi*essed on the country by it, is a subject of in- 
tercst and importanee. In no part of the world does this dostruction of 
mineral fuels seem to have occurred on so vast a scale, as in the central 
plutcau of this contiiient. The appearancos produced by this action were 
met with in the vicinity of the foity-ninth parallel, at tho very eastera 
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edge of the Lignite Tertiary, and were also found in almost all the locali- 
ties in which lignite occurred. The product» of the combustion wore first 
noticed as fragmenta of rock indigtinguishable in appearance from modern 
lavas, and scorias, strewing certain banks, and in the beds of ßtreams. 
The connection between these traces, and the combustion of the lignites 
was, however, soon established, and beds actually found which had been 
bomed but a short way in from the outcrop. The bank of the Souris 
Biver, — as stated in the Preliminaiy Eeport already roferred to— in one 
place shows an amphitheatrical depression a few feet below the general 
prairie level, in front of which a great quantity of ligmte clinker, often in 
lai-ge masses, was strewn down the slope toward the river. A bed of lig- 
nite six feet thick, elsewhere well exposed and overlaid by about five feet 
of clay and drift, was here completely bumed away, (Plate IV., Fig. 1.) 
By reference to the detailed accounts of the vai'ious localities, many 
Bimilar instances will be found. 

387. The effects produced on the lignites and associated beds, as 
derived from the examination of numerous widely separated localities, 
admit of Classification and geneml statement. The lignites themselves 
appear to be invai'iably consumed in their entire thickness, and their 
immediate horizon is represented by a layer of ashy clinker, or of a 
material resembling scoriaceous lava, and vesicular in structure. The 
fosed masses are always dark coloui'ed, genei*ally blackish or dark grey, 
but sometimes opaque bluish or brownish-black. This clinker bed is 
doubtless composed of the ash of the lignite itself, and any intercalated 
sfaaly layera, or poiüons of carbonaeeous clays associated with it; the par- 
ticles of which have been brought more intimately in contact with the 
buiDing material. The fusion may also be aided by the alkalies and alka- 
line earths of the lignite ash, which difPers in composition from the 
Burroimding clays. 

388. The alteration extends much ^i*ther above the position of the 

* 

lignite bed than below it. The surrounding layers are very generally 
of the nature of fire-clays, and contain little or no iron, and a smal 
propoition of undecomposed feispar, or other fusible mineral, and are 
Gonsequently very refractory. Those imraediately above the lignite, are 
frequently altered to hard jaspery, or porcelain-like rock, breaking with 
Sharp conchoidal fractnre, subitranslucent, and of greyish-blue and 
duU greenish tints. In this substance, impressions of the stems and 
leaves of plante are, however, sometimes recognisable The porce- 
lainized beds are genemlly traversed in all dii'ections by inisty fisöui'es, 



166 B. N. A. BOUNDART 00HMIS8I0N. 

but on fresh fracture ßhow the original Htratification of the rock by 
bands slightly differing in tint. Their hardneäs iB abont 6*5, and 
splinters are fusible on Ihe edges, befoi'e tbe blow-pipe, with greater 
or less difficulty. In their fusibility they ränge from 4-5 to 6 of Van 
Kobeirs Scale, and when fused they form ti*an8lacent beads. The thick- 
ness of thebeds thus greatly altei*ed is generally not more than a few 
inchos. In the Bad Lands section a very fine white clay, containing 
numerous impressions] of plant«, i'ests immediately on a lignite, which 
at a Short distance, was found to be completely consumed, the repi^ 
sentative of the white clay, being apparently a hard poix*elain-like 
matenal of this kind, of jmle bluish-grey colour, and waxy liistre. 

389. Other clays and clay-shales not so closely in contact with the 
lignites, are generally hardened into whiteish and ci'eani-coloured rocks, 
resembling tiles or bisciüt porcelain ; and in these the impression of plants 
are often presei-ved with gi'eat beauty. I was not, however,- so fortunate 
as to find any locality in which large coUections of plants in this favour- 
able State of presex*vation could be obtained. The clays, or shaly-elays, 
seldom hold enough iron to give them a red hue when metamorphosed. 
ThO) sandstones and coarser arenaceoas clays, are not nsually mach 
induratod or otherwise altered, except in colour; bat generally con- 
tain snfflcient ii'on to cause a moderately stiiking red colouration, 
and some bods ai*e very deeply tinted. Such sandstones ai-e among 
the most prominent marks of the combnstion, and were observed in a 
great number of localities. In the Bad Land region, several isolated 
buttes capped with intensely red sandstone, which had a remarkable 
prismatic structure, were seen. The structui-e resembled, on a small 
Scale, the columnar appeai*ance of basalt, the sandstone being divided by 
joints into vertical prisms, and breaking along these nearly at right-angles 
to its original bedding. The rock here precisely resembles ordinary red 
brick, and gives out a Ikint-ringing sound when Struck. Such localities, 
Mr. Allen, who has studied similar metamoi'phism in Dakota and Mon- 
tana, believes to indicate former vents by which the pent-up gases arising 
from the fii-e have found oxit. (Plato VlI., Fig. 1.) 

390. The effect of the combustion of the lignites over large regions, 
though to indm'ate the sui*rounding beds, is evidently from its observed 
relations with gi*eat dcnudation, more destnictive than conservative. The 
strata appear to be cracked and fissured in such a way by the action, as 
to allow the enti-ance of surface waters to their mass, and accelemte their 
removal, 
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391. Similar combustion of lignite in situ, has becn obsei'ved to occur 
at varioua places, over an immense area. Soaih of the Line, Lewis and 
Clai'ke have noted the phenomenon in the account of their journey up the 
Missouri, and nuraerous references to it will be foiind in Dr. Hayden's 
various reports. Mr. J. A. Alien, in bis interesting paper already 
referred to,* has collected a great deal of infonnation on this subject, and 
added the resalt of bis own obsei^vations. As an example of the great 
areas over which it may extend, he mentions the Bad Lands of the Little 
Mi88oai*i, where, " with a breadth of twenty to thirty miles, these apj^ear- 
ances are said to be continaous for fully two hundred miles. Throughoiit 
this vast area, all the ridges and bnttos are capped, or banded with the 
reddened and indurated shales." He is in error, howover, in supposing 
that the phenomena do not occur north of the forty-ninth parallel, for, 
accoi*ding to the accounts of various travellers, they extend even to the 
tthores of the Arctic Sea. 

392. The earliest notice of appearances referable to this cause appears 
however, in Sir Alexander Mackenzie's account of bis voyage up the 
Peaee River in 1T93, where he refers to ceilain " cbasms in the earth, 
which emitted heat and smoke, which diffused a strong, sulphurous 
stench." A lignite bed on the Mackenzie River, near Bear River, was 
also observed to be on fire by Sir Alexander Mackenzie in his first voyage 
of discovery in 1792. Sir J. Richaixison, in 1848, found it still burning, 
and emitting smoke and flame, visible by night. " Some portions of the 
clay were semi-vitrified, and so haixi as to receive no impression frora a 
file." Sir J. Richaixlson also noted ** bituminous shale " to be on fii-e, in 
1826, near Cape Bathui-st on the Ai*ctic Sea. "The clays which had 
been exposed to the heat were baked and vitrified, so that the spot re- 
sembled an old brickfield." He also had infonnation from Chief Factor 
Alexander Stewaii;, " that beds of coal are on fire on the Smoking River, 
which is a southem affluent of the Peace River, snd crosses the fifty- 
seventh parallel of latitude." "There are coal beds on fire also near 
Dunvegan, on the main stream of the Peace River."f Dr. Hector, in his 
report, mentions several localities where lignites have been thus de- 
stroyed. Near Port Edmonton, the appearances soom to be particularly 
striking, Of a locality on the Red Deer River, lat. 52° 19' 25", long. 
113° 3', he writes : — " It was found to be as the Indians had asserted, 
and fai' along the banks of the Red Deer River, where the coa! appearod, 
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the spontaneous fire was in activity. The Indians say that as long as 
they can remember this has been the case."* 

393. This combustion, thougb often spoken of as Bpontaneoosi 
cannotj I think, be proved to be so. In eases of the s]X>ntaneoaä com- 
biiHtion of bituminous coal, which sometinieH occur when large masses 
of it are piled together, tlie produetion of the degree of heat necessary 
for its Initiation, is ti'aceablo to the decomposition of pyrites, under 
the eombined aotion of air and moisture. tn my Beport of Progress 
for 1873, I have written : '^ Such fires may eitlier be caused by the 
ignition of the beds by prairie fires, or fires of Indians' or Ti^adere* 
camps; or by tlie spontaneous combastion of the lignite, when an- 
dorgoing decomposition at the outcrop. The latter, however, seems 
improbable, as iron pyiites, the usual cause of such spontaneous 
combustion, is almost entirely absent fix>m the lignites,* which I have 
exiimined chemically." To this I can now only add, that a flirther 
examination of the lignites, over a more extended ai-ea, confii*ms the 
almost total absence of visible pyrites, and the very small quantities of 
iron found in the ashcs, wonld alOne serve to pi*ove its non-existence in 
any quantity. The only clear case of the occuiTence of pyrites, is in the 
lower partof the 18-foot bed on PorcupineCreek, where small discs of the 
materiai, aboat the thickness of ordinary paper, were found in the vertical 
joints. Mr. Marvine also, in speaking of the lignites of the same for- 
maüon in a more southern region, remarks that the sulphor seldom 
reaches one per cent., and is often nominally absent. f Though it is 
chemically possible, that spontaneous combustion might arise, under 
certain circumstances, in the carbonaceous matter of the soft, crumbled 
outcit>ps of the lignites themselves ; it is obvious that such placee would 
offer the most favourable oppoilunities for the ignition of the beds by 
prairie fires. These, even when burning over veiy scantily grassed 
regions, possess sufficient heat to ignite the bois des vaches, or dried 
buffalo excrement, with which the surface is sti'ewn, — a much less com- 
bustible fuel. Mr. Allen says that several instanccs are well known of 
the lignite beds having taken fire from the burning of the prairie grass 
by the Indians. It would therefore seem that the aid of spontaneous 
combustion need hardly be invoked. J 

394. The destruction by this agency, over great areas, of lignite beds 
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which might have been of value to the fuiure population of the North- 
west, is a matter of certainty, It would seem, however, that the eom- 
bustion does not affect beds unless their edges have beon laid bare to the 
weather by denudatioii; and the proportion thus exposed, in a country 
in which the strata are so nearly horizontal, must be small. The 
whole of the lignites, too, lying below the natural drainage level of the 
country must remain unaftected, and the fire wonld also seem unable to 
peneti*ate very far into a bed, unless it lies so neai* the sui*face as to be 
able to open communication with it, for the escape of its pixxlucts of com- 
bustion, and to obtain a supply of oxygen. The face of the exposure, 
crumbling down on the ruins of the bed, must soon stop all access of air in 
that dii*ection ; though from the almost complete conservation of the heat 
of a combustion thus taking place in the mass of tne foraiation, a very 
limited supply of air would be suffieient to maintain the necessary 
temperature. 

395. The only place in which the combustion was still found to be in 
progi'ess near the forty-ninth parallel, was in a locality on the Souns Ri- 
ver, and then it was only evidenced by the issue of a little smoke of a tany 
empyinimatic odoui*. Other localities, fi*om the immense amount of de- 
nudation which has taken place subsequent to the destruction of the lig- 
nite, show evidence that the fires have been extinct from a very remote 
period ; though as a rule, in the region which I have examined, the pro- 
ducts of combustion appear to be pi'etty closely confined to the localities in 
which this can be proved to have taken place. Mr. Allen, however, has 
found " this igneous material in a water-worn State, occurring in the drifl 
which covera the general surface of the countiy, oflen many miles from 
the nearest seat of metamorphic action, as well as in the terraces that 
border the larger stroams,*' * and concludes that the combustion must 
have begun before the close of the drifl period — a very impoi*tant fact. 

Komposition and Economic Value of the Lignites and Iren Ores. 

396. The following ai-e proximate analyses of lignites fi^om various 
localities in the vicinity of the forty-ninth parallel, and of the coal fi-om 
St. Mary River. The greater part of these were published in the Report 
of Progress for the year 1873, already referred to : — 

397. Souris Vaüey. (§ 207.) Lowest lignite, two feet three inches 
thick. Conchoidal fracture with itither dull sui*faces, and rosembling 
cannel coal, ash reddish-white. 

•I*oc. dt 
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By rapid coking. 

Water 12.07 

Fixed carbon 46.44 38.90 

Volatile combustible matter 39.74 

AbH 2.75 

100.00 

398. Sauris Valley. (§ 210) Layer 19. A weathei-ed specimen 
separating into lamiiue horizontally. Glay from overlying bod filling 
fissures. Ash yellow-bi'own. 

By rapid coking. 

Water 13.94 

Fixed carbon 4Ö.27 3a35 

Volatile combustible matter 35.00 

Ash 5.79 

^ 100.00 

I 

399. Sauris Valley. (§ 210) Layer Vi. Weathered specimen. 
Black, compact, with shining faees. Ash yellowish. 

By rapid ooking. 

Wat» 12.67 

Fixed carbon 31.39 28.01 

Volatile combustible matter 49.52 

Aah 6.42 

100.00 

400. Souris Valley. (§ 210.) Layer 10. Lustre dull, separating 
along horizontal planes. Ash light yellowish. 

By rapid ooking. 

Water 14.90 

Fixed carbon 36.94 36.68 

Volatile oombnatible matter .42.98 

Ash : 5.18 

100.00 

401. Sofuris Valley. (§ 210.) Layer 2. A weathered specimen, soft 

and cinimbling. Ash greyish-white. 

By rapid coking. 

Water 17.97 

Fixed carbon 32.86 30.10 

Volatile combustible matter 44.56 

Ash 4.61 

100.00 

402. Sauris Valley. (§ 218.) Black compact lignite with mnch 

Woody stmcture apparent. Ash yellow. 

By rapid coking. 

Water 14.73 

Fixetl carbon 42.48 34.07 

Volatile combustible matter 39.99 

Aah 2.80 

100.00 
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403. Souris Valley. (§ 215.) 1 foot seam. Hard, compact, blaek 

lignito, breaking with pseudo-conchoidal fracture, and showing traces of 

structure of wood. Ash yellowish-white, liglit. 

By rapid ooking. 

Water 15.11 

Fixed carbon i 47.57 41.67 

Volatile combastible matter 32.76 

Aab 4.56 



100.00 

404. /Souris Bivetj 62 m. W. of Wood End. (§ 221.) Laminated, and 

bi'eaking up along borizontal planes on drying. Many small drops of 

amber or fossil resin. The wood composing the bed has apparently been 

much decomposed. Ash reddish. 

Water 13.85 

Fixed carbon 47.90 

Volatile combnstible matter 30.95 

Aah 7.30 



100.00 

405. Qreat Valley. (§ 225.) Lowest Lignite. Weathered specimen, 

ci-ambling. Ash groy, 

By rapid ooking. 

Water 1 a 74 

Fixed carbon 35.69 30.04 

Volatile combustible matter 40.54 

Aflb.... 5.03 



100.00 

406. Gheat Valley. (§ 225.) Mddle Lignite. Weathered öjwclmen. 
Soft, breaking into layera along deposition sni-faces. Largely composed 

of comminuted chai*coal-like fragments. 

By rapid coking. 

Water 16.28 

Fixed carbon 46.25 29,18 

Volatile combustible matter 33. 19 

Ash 4.28 



100.00 

40*7. Oreat Valley. (§ 225.) Upper Lignite. Outcrop specimen. 

Cnimbling. Tends to break into layers parallel to deposition planes. 

By rapid coking. 

Water 15.20 

Fixed carbon 34.45 27.61 

Volatile combuatible matter 44.43 

Aah 5.92 



100.00 

408. Great Valley. Section on the forty-ninth parallel Bed four 
feet thick. Out-crop specimen. Brownish. Fi'acture almost concboldal, 
Aflh yellowish-white. 
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By impid 

Water 16. öl 

Fixed carbon 37.12 28.44 

Volatile combustible matter 42.65 

Aah 4.72 

100.00 

409. Porcupiue Creek. (§238.) Lower pari of 18 foot seam, Tongh, 

compact ligiiite, separating into horizontal layern. Mach amber in small 

spotH, a good deal of woocly structui'e apparent, and some mineral char- 

coal. Ash light-grey. 

By rapid coking. 

Water 12.05 

Fixed Carbon 46,18 41.03 

Volatile combuBtible matter 35. 12 

Aah 6.65 

100.00 

410. Porcupine Creek. (§238.) Upper part of IS foot seam. Out- 

crop Kpecimen, cmmbling. Ash white. 

By rapid roaking 

Water 16. 87 

Pixed Carbon. ,84.32 24.30 

Volatile oombustible matter 37.51 

Aah 11.30 

100.00 

411. St. Mary Biver — (§326.) — Bituminous Coal. Bed about eighteen 
inche» thick. A strong coal not aftbctod by weather. Traces of horizontal 
lamination, often »howing moreor less mineral chai-coal. Gleat in two 
dij*eetions neai*ly at right angle», with smooth shining &ce8, and often 
very thin films of caleite in the ci*ack8. - Cei'tain paild t$bow slight traces 
of pyrites. Ponns a perfect coke when rapidly heated, with the evolution 
of a quantity of rieh illuminating gas. When slowly heated, in pow. 
der, a weak coke is formed which may be crushed between the fingern. 
Ash reddish gi'ey. 

Water 5.05 

Fixed csarbon 64.65 

Volatile combustible matter 25.30 

Ash 5.00 

lOOkOO 

412. Bainy üiver.} (§ 340) Compact Lignite, with woody structure 
plainly apparent. Ash yellowish-grey. 

Water 15. 45 

Fixed Carbon 43.45 

Volatile combiutible ma^r .33.70 

Aah , 7.40 

loaoo 
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413. The lignite fit)!!! Bainy Eiver, to which the last analysis refers, 
is noticed in the paragraph indicated above. The specimen i^eceived was 
a small one ; and not having visited the locality, I cannot speak confi- 
dently as to the mode of its occun*ence. In its appearance and composition 
it resembles many of the lignites of the Tertiary, but if in sitUj it may 
more probably be found to belong to an outlyer of Lower Ci-etaceous rocks. 
In any case, it is far removed from the regions to which the other analy- 
ses refer, and does not at present require further eonsideration. 

414. The mineral fuels met with in the neighbourhood of the Line, 
fall natarally into two disünct categones. The first, including all except 
one, must be called lignites ; the second, represented by a Single example 
only, is a tme bituminous coal. The fii'st class incindes not only, there- 
fore, the gi-eat majority of the ftiels met with in the vicinity of the forty- 
nith parallel, but also almost all known in the intenor region of the con- 
tinent, both noiiii and south of this line. .They are emphatically lignites 
or braum coals, and thongh they may be designated by the name lignite 
cocU, insomuch as they come under the genene class of coals, they cer- 
tainly cannot properly be named by the latter word alone, as by it an en- 
tirely diiferent kind of material is generally underatood. The vast ai'ea, 
and gi'eat impoiiance of these beds of fuel, should not be allowed to 
weigh in changing the name which would without any hesitation be ap- 
plied to them, were their occurrence on a moi*e limited scale. The woixl 
lignite has attached to it a definite mineralogical significance, and must be 
employed when it is desired to define the position of these fuels in the 
Scale of combostible materials. Lignites are found in connection with many 
of the later geological formations, and differ from tinie coals in containing 
a larger pei-cehtage of water, hygix)öcopic and combined, a greater propor- 
tion of hydi-ogen, oxygen and nitrogen, and less carbon. They also inva- 
riably give a brown streak or powder, yield easily a brown Solution with 
caustic potash, and sometimes even to water, and, accoixiing to Frfemy, 
may also be distinguished ft-om coal and peat by their complete solubi- 
lity in nitric acid and hypochlorites. The better kind of Tertiary lignites 
of the i*egion now in question, differ from many foreign fuels of the same 
class, in their small percentage of ash, but show for the most part distinct 
evidence of having been pixxiuced from wood, and would therefere even 
be classed as lignites under the most i-estiicted meaning of that terra. 
The wood, fi-om its microscojnc structure, has been coniferous, and may 
have belonged to the same species of Thuya^ Sequaia^ etc., repi^esented by 
leaves in the associated clays. 
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415. The lignites of the forty-ninth parallel appear to admit of 
Classification onder three leading tyjies. 

Mrst — Compact, homogeneoiis iignite, without veiy evident traccs 
of deposition planes. The woody stmctare often plainly apparent 
Disintegration proeeeding irregiilai'ly, or with reference to the structure 
of the wood. Genei*ally tough under the pick. This is the typical, and 
most abundant variety, and inclades many of the most pi'omising beds. 

RESÜLTS OF ASSAYS OF LIGNITES, WATEU BEING ESTIMATED AT AN 

AVERAGE OF 12 PEK CENT. 



Locality. 



1. Sourn VaUey....(§ 397 

2. n M ....(§398 



3. 

4. 
6. 
6. 
7. 



II 



M 



II 



II 



II 



II 



II 



II 



II 



II 



8. Traders'Road 

9. Great Valley 



10. 
11. 
12. 



II 



M 



• I 



II 



II 



...(§399 
...(§ 400 
...(§ 401 
...(§ 402; 
...(§ 403 
....(§ 404 
...(§ 405 
...(§ 406 
...(§ 407 
...(§408 



13. Porcupine Creek, 

Lowerpart..(§ 409 

14. Upper part..(§ 410 






I 



.9 . 



15. Bainy River. ....(§ 412) 



255 
263 
263 
263 
263 
262 
263 
308 
344 
344 
344 
346 



390 
390 



2' 3* 
3' r 

r or 

66* 



7' 3* 

t . • • • • 

a f ew 
inches 

5' 
3' 

4' 



18' 
18' 



I 

i 
I 

43 



%* 

O 

I 



J 

i 

I 



45.48 

46.18 

31.51 

38.08 

34.82 

43.72 

49.31 

48.93 

38.65 

48.61 

36.92 

38.63 



46.20 
36.33 






O U 

^ 



39.77 
35.90 
50.02 
44.57 
48.30 
42.40 
33.98 
31.61 
43.92 
34.90 
44.95 
44.48 



35.14 
39.97 



45.22 35.08 



I 



Remarks 
on AbIi. 



2.76 
5.92 
6.47 
5.35 
4.88 
2.88 
4.71 
7.46 
5.43 
4.49 
6.13 
4.89 



6.66 
11.70 



7.70 



Reddiah-white. 

Yellow-brown. 

Yellowiah. 

Light Yellowisfa. 

Greyiah-white. 

YeUow. 

YeUowiBh-whita 

R^ddiah. 

Grey. 

Grey. 

White. 

Yellowish-white. 



^L^^- 



Yellowiah-grey. 



Secand. — Lignite more or less distinctly horizontal ly laminated, 
bhowing little appai*ent woody structui'e, bat sometimes a not inconsider- 
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ablo quantity of mineral charcoaK Not very tough under the pick, and on 
weathering, breaking up along the planes. Thiß form, is probably also 
in almost all eases eomposed of wood ; bat the material has undergone 
more thorough decay before the depoeit of the next highest bods. 

Third, — Soft and friable; oflen with mach mineral charcoal, bat 
freqaently brownish, and containing haixler masses in some places. This 
variety, no doabt, often resalts fi'om the thorough decompoeition by the 
weather, of either of the others ; and beds with this appearance woald 
pi"obably change their character for the better, more or less completely, 
if peueti*ated beyond the outcrop. There appear, however, to be some 
beds of this natiire throaghout ; and these have been formed fix)m peaty 
accamulations, with little wood. This class it is, which is most apt to 
contain mach ash, and the beds ander it, sometimes do not show clear 
lines of jonction with the enclosing clays, bat graduate into them. 

416. In the assays above given, it has not been thought necessary to 
restrict the examination to those beds which ai'o of workable thickness, 
as a general compaiison of the varioas seams, thick or thin, is of more 
valae in giving an idea of the average quality of the lignites of the 
foimation now known, and those which fatai*e exploration may bnng to 
light^ in the same regiou. The analyses, therefore, include a selection 
froTSL the vai*ioas sections; and several beds of good quality and thick- 
ness, with many of an inferior chai*acter, ai'o anrepi*esented. 

417. Though giving the actual amount of hygroscopic and com- 
bined water, as found by analysis, it must be premised that it depends 
entirely on the conditions to which the lignites have proviously been 
t^ubjeeted ; and that, by prolonged exposure to diy aii', it might have been 
in many cases veiy considerably reduced. It has, therefore, been 
thought advisable, in another place to reduce the results of all analyses to 
eon'esjx)nd to a certain [)ercentage of moisture, that they may be better 
compai'ed with each other, and with foreign lignites. The water content 
has been taken in the table, at 12 per cent., which has been adopted as 
the probable practical limit of dessication by dry air, ander oixlinary 
circamstances, of most of the samplcs. The lignites, it will be observed, 
are on the whole anifoi*m in composition, and contain an average of 
over 40 per cent. of fixed carbon when the water is estimated at 12 
per cent. They thos fall somewhat behind the lignites found in the 
vicinity of the Union Pacific Eailway ; bat it must be remembered that 
these only represent those seams which have been selected as workable 
from their good quality, and thickness ; and abio that many of them 
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belong to the extreme westem jmrt of the interior Continental region, 
and to tko l>etter clasn of lignitCH iom\d in the v'cinity of the Kocky 
MountainB, which ai*e but nlendorly ropresontod in niy collections. None 
of the lignites yield a proper cokc. They merely shrink 8omewhat in 
size during the expulsion of the volatile combustiblo matter, and tum out 
of the cnicible in a dry incoherent powder. The volatile matter is, as 
might be expccted, corapai*atively poor in luminous gases, and the 
lignites would, consequently, be of littlo use ^in the manufactm*e of 
illuminating gas. 

418. The ash is generally of pale eoloui*s ; grey and white, pass- 
ing into yellowiöh-white, boing the prevailing shades. One or two only 
yield a deeply-coloured ash, which is then bnck-red. It is small in 
amount in most of the si)ecimens, and does not usually appear of a nature 
to form ti*oublesome cliuker. The lignites when burning yield a peculiai' 
empyruraatic odour, but no smell ot sulphiu* ; and indeed, as might be 
foi*eseen fi*om the nature of the ash, the quantity of solphur present is 
very small. ' 

419. The pix)ximate analyses give, in a general way, the mean» of 
estimating the value of the lignites as fuels, but there are many other 
considerations which requii'e attention. The ash is not greater, and in 
man}^ cases less, than that contained in most oixiinary coals ; and cannot 
therefore be suj)po8ed to detract specially from the quality of the lignites. 
The amount of water present is, however, the most serious draw]>ack, 
as it not only counts as so much incombustible material, being already 
fully oxidized, but absorbs and rcnders latent a considerable quantity of 
heat, which is necessaiy to convert it into the form of steam. Thus not 
only the total thei'mal effect of the fuel suffora, but the i^yrometric 
intensity is reduced, which is a matter of special importance in metal- 
Itirgical opei'ations, and in the use of a fuel for mising steam, when the 
Space allotted to the combustion is limited. Besides the quantity of 
oxygen present in these fuels, already in combination with hydrogen to 
form water; there is an additional quantity, — not incönsiderable in 
amount and probably in the form of various bituminous comiX)und8 with 
cai'bon and hydrogen, — which, as soon iis combustion begins, combine« 
also with the lattcr to form water. The weight of this oxygen, 
and the hydi-ogen necessary for its Saturation, must thus also be 
deducted, together with the nitrogen, which is usually pi-esent in 
greater quantity than in tinio coals. We have then remaining, a propor- 
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üoo of carbon and hydrogen which may be counted on for the useful pi-o- 
duction of beat, considerably lesB tban tbat found in the same way for 
mo8t true coals, but much in excess of that for wood or peat. 

420. By taking into account all these circumstances, with othei*8 of 
less importance, and applying the knowledge to the examination of the 
resnlts of nltimate analyses of fnels, veiy exact estimates of their 
capabilities may be foimed. Of the lignites of the interior rogion of this 
continent, unfortonately, but few reliable ultimate analyses are to be 
fonnd, and of these only two apply to those of Bntish North America. I 
had hoped to have added such analyses of some of the more impoi*tant 
lignites of the forty-ninth parallel to this Beport, but the time at my dis- 
posal haa not sufficed. The analyses referred to are from specimens 
collected by Dr. Hector, and türe as follows * : — 

L II. 

CÄTbon ,... 66-50 50*60 

Hydrogen 3'6ö 324 

Oxygen....^ , 18-91 14-41 

Nitrogen 0-80 0*90 

Sttlphur 0-60 0-42 

Aah 5-62 1 5 -93 

Water (hygroecopic) 13-92 14 50 

100-00 100-00 

No, I. from the Souris Eiver near La Boche Percöe. No. II. from a 
six-foot seam occurring near Fort Edmonton, on the north Sankatchewan. 
Tbe calorific powei* of these two lignites as compai*ed with that of pui*e 
cai'bon taken at 100, is 59 and 53 per cent. respectively. f 

421. One of the most impoi'tant practical difficulties which has 
arifien in connection with the use of the lignites of the Western States, 
has been the Cracking up of the matenal, on pai*ting with its water, and 
its speedy reduction to fragments when exposed to the weather. It 
has there been found preferablo to use the lignites as soon as possible, 
after theii* extraction from the mine, even at the expense of an additional 
qnantity of heat, lost in evaporating hygroscopic water. As the lignites 
do not form a coherent coke, this cannot be remedicd, as it might be 
with most bituminous coals; lignite charcoals might, howevor, be 
produced ; and though in most cases, these ai*o found to be rathor friable, 
many of the compact westeni lignites would probably give a good result. 
The lignites are, however, now extensively employed for locomotive 
angines, and other steam-raising pui-poses, and though not directly 

• H«ctor. Journ. Genl. Soc., vol. xvii., pp. 409. 421. Tbe analyMs made by Hr. CharlM Tookey in 
Dr. Percy*! lAbonitory. Royal Scbool of M tues. 

t Am aÜGUlated by Mr. Raymond. Quoted by Mr. Marvine in U. S. G«oL Stinr. Territ., 1873, p. 114. 

12 p 
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applicable to most metallurgical pi*oc668eB, might bo UBed in the form 
of charcoal, or perhaps more profitably in gas famaces afber the pattern 
of tho8e of Mr. Siemens ; and, as settlement spreads westward, and these 
fuols are moi*e in demand, many new methods will no doubt be foond for 
their application. When they exist in the vicinity of land capable of 
agricultoral settlement, they will be of great value, not only for domestic 
uses, but for the mannfactore of bricks, tiles, and pottery, for whica 
many of the enclosing clay and sand beds are very suitabie. 

422. The St. Mary Biver coal, though unimpoi-tant in itself, from 
the thinness of the bed, is yet of great intei-est, as showing that there is 
aregion toward the base of the mountains on the forty-ninth pai*allel, 
whero fuel, better in (^uality than aiiy hei-etofore found in the intenor 
continential region, may be looked for. It is highly probable that impor- 
tant soams of similar coal exist even neai* the Line ; and I have heard of 
the oecun*ence of similar beds on the Belly Hiver to the north. Some tia- 
der», indeed, brought a sample of coal to one of the Depot Campe on the 
Line, which, being handed to the blacksmith, was, befoi-e I rctumed to the 
place entirely consumod ; it being found well suited to smithy work, and 
thus differing from the lignites. I was tinable to visit the locality from 
which this specimen came, but was infonnod that it lay aboat fifby 
miles noi*thwai*d, at the junction of the Waterton and St. Mary Biv^ers, 
that the bed lay nearly flat, and that what appeared to be the same seam 
waw found on both rivors, being about five fcet thick on the former, and 
six on the ^atter. It would seem that the conditions of deposit, or ma- 
tcrials forming those coals and higher clasH lignites in the vicinity of the 
mountains, must have differed from those of the lignites further east. 
Metamoi*phism accompanying and caused by the folding of the formation, 
would probably convert a lignite-into an aiiLhraciUi, without allowing it 
to pass through the intermediato condition of a bituminous coal ; and tlie 
bod liu^t reforred to, and othera of somcwhat similar quaiity elsewhere, 
ai'e found in a nearly horizontal position. 

423. Four analyscs of fuels obtaino<l by the Rev. L. Taylor, and cxa- 
mined by Prof. Haancl, of Victoria College, Coburg, have a very direct 
bearing on the question of the nature of the coals which may be expected 
to occui* along the base of the mountains. The analyses appeared in the 
the Toronto Globe in Fcbruary, 18*74, and their results may be thus siun- 
marized : — 
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8p. gr. 


Molalare rlven 
off tl 2ir F. 


VoUftitoMftttor. 


FIxed CarboD. 


ÄBh. 


I 


1.375 
1.376 
1.340 
1.337 


11.88 

11.41 

6.69 

6.89 


28.66 
29.07 
33.70 
38.67 


67.26 
66.94 
63.26 
60.90 


2.21 


II 


2.68 


III 


6.36 


IV 


8.64 







No. I. from the North Pembina Biver 100 miles north-west from 
Fort Edmonton. No. 11. from near Belly Eiver. No. III. from Belly 
Eiver. No. IV. ftK)m the Saskatchewan Eiver neai» Fort Edmonton. 
Prof. Haanel thus describoB the specimens : — " I. and 11. ai-e bituminous 
Goals, of a bright lustre, iiTegular fi'actui'e, showing, to judge from the 
* small specimens sent, no distinet lamination ; of a high specific gi*avity, 
comparatively free fi-om snlphur, and giving out little tany matter upon 
coking. No. III. and IV. are also bituminous, of a less specific gravily, 
lustre (lull, distinet lamination ; fracture at right angles to lamination, 
irregulär with bright surfaces. Parallel to the place of lamination the 
slabs separated are duU ; gives out considerable tarry matter upon coking." 
It is stated that the two fii*st do not fonn a coherent coke, and it is to be 
inferred from what Prof. Haanel says, that the others do. Nos. III. and 
IV. mnch resemble the St. Mary Eiver coal in composition, and comefrom 
the vicinity of the coal bed described to me as occurring at the jrmction 
of that stream with Waterton Biver. 

424. In the Beport of Progress of the Grcological Survey of Canada for 
1873-74, a number of interesting analysis of fuels from the interior region 
of British North America are given. Seven of these, by Mr. Christian 
Hoffmann, refer to specimens collected by Prof. Bell near Dirt Hills,* 
and Bouth of that place; not far fi-om the north-eastem border of the 
lignite formation near the 106th meridian. The quantity of water in 
these iignites when thoi*oughly air-dried, as shown by the analysis, varies 
from 12*26 to 19*33 per cent. They exactly coiTcspond in other respects 
with those of about the same lonerititude on the Line. The second series 
of analysis, by Dr. B. J. Harrington, are of fuels collected by Mr. Selwyn, 
Director of the Survey, on the North Saskatchewan, between Bocky 
Moimtain House and Edmonton ; these, though Prof. Harrington classes 



* Ulis aame Mems to be rather loosely applied to different parte of the north-eeatem edge of the 
Goieau, the point eo celled on the acoompenyiiig goologicai map, ie not that referred to by Prof. Bell, 
wüch » furtber to the weet and north. 
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them all as brown coais, are of afar suporior quality, aome of them ap- 
proaching the St. Maiy Biver coal, and equalling the beet Tertiary 
fuels of the Weetem States. The water found in the varioas speci- 
mens is as foUows :— 7-82, 11-81, 10-90, 12-93, 7-60, 11-09 per cent. 
Some of these are stated to crack and fall to pieces on exposure, while 
others are little affected, and are considered suitable for transportation to 
a distance. 

425. On reviewing the whole of the analysis of these ftiels, and refer- 
ring them to their localitles on the map, it will appear that lignitee which 
contain, when thoroughly air-dried, above twelve per cent of water, 
occupy the eastem pai*t of the area covered by the Lignite Tertiaiy, 
while beyond about the 113th meridian, many, if not most, of the fnels 
met with contain less than that amount of moisture, and pass by easy 
gradations, in some instances to coals indistinguishable from those of the 
Garboniferous formation. These two regions are not, however, mniually 
exclusive, for west of the line above indicated, lignites of the ibrmerclaBB 
are often found, and also, apparently, fuels representing all intermediate 
stages. This mixture of the two classes in the extreme west woald sng- 
gest either the presence of two diRtinct coal-beai*ing formations, or two 
diiferent horizons of the same series of rocks. From the apparently 
complete gradation in the quality of the fuels, and analogy with the better 
known regions to the south, the latter would appear at present the more 
probable explanation. In the Western States, thisai-rangement is exaotly 
paralleled, and the poorer lignites of the Fort Union Beds, are represented 
in the far west by those of good quality and comparatively small pereentr 
age of water in Coloi-ado, Utah, &c. 

426. The total area of the westei*n part of the praLrie region 
between the forty-ninth and fifty-fourth p;ii'allels, now known by more 
or less connected lines of obsei'vation, to be underlaid by the lignite and 
coal-bearing formation, or formations, does not fall short of 80,000 Square 
miles; and should future iuvestigation i^esult in affixing some of the 
fuels to the Lower Cretaceous, it must be very much greater. The 
importance of these gi-eat deposits of fuel, in a countiy naturally so 
destitute of wood over great ai*eas, cannot be oxaggerated. In Colorado 
the thick and workable lignite beds seem to occur only at the veiy 
base of the Lignite Tertiary formation, and though this may also be the 
case in the vicinity of the mountains further north, it does not hold with 
the eastern portion of the formation, on the forty-ninth parallel, where 
lignites are equally characteristic and abundant at all horizons expoeed. 
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Where the very base of the Lignite Tertiary is seen in the Bad Lands 
section, and f\irther west near the 534 mile point^ there appears, as 
alreadj mentioned — to be a veiy persistent lignitiferous zone, bat there 
is DO appearance of anj fnel of better quality like those of the extreme 
west. It, therefore, cannot be snpposed that the improved appearance 
of the St. Maiy seam, and others, is due merely to their occupation of 
a lower horison than elsewhei'e ezposed, irrespective of westward change 
in the character of the beds. ^ 

42t. The ii-onstones of the Lignite Tertiary formation, to which fre- 
quent reference has been made, though occurring very often in the 
same sections and in close proxiznity to the lignites, have not been ob- ' 
served in any part of the area examied to oecur in considerable thickness. 
They genei-ally ap|)ear in nodular sheets, or scattered nodales, following cer- 
tain horutons in the clays and argiüaceous sands, and are foand in greater 
or lesB abondance in nearly all the sections examined. Extemally, they 
weather to varioos shades of chocolate-brown and reddish-brown, bat are 
hard and compact in structore, and within preserve their original blaish- 
gr©y> or yellowish grey colour. 

428. The subjoined partial analyses of specimens ooUected in 1873, 
were published in the " Beport of Progress " for that year. I regret that 
the time at my disposal preventa the execution of more oomplete analyses, 
or the examination of many other specimens subsequently obtained. 

Clay Iranstone. Sauris Valley— {% 209.) 

Protoxide of iron 49.00 

Waterlost at 116* 1.21 

Oarbonic Acid loat on i^ition 2S.67 

Silioeous matter inaol. inHCl 17.04 

Sülphuric Acid 0.26 

Phoiphonu •••••.. Traee 

Metallic iron per ceni, in raw ore 38. 11 

Metallic iron, in calcined ore 64.27 

Clay Ironstone — Oreat Valley. 

Protoxide of iron 46.72 

Water lort at 1 1 5' C 3. 67 

Carbonic Acid loet on ignition 21.23 

Siliceoos matter insoL in H Gl 8.72 

Sülphuric Acid 0.30 

Photphoma 0.03 

Metallic Iron in raw ore 36.34 

Metallic iron in calcined ore 49.90 

A small qnantity of iron is present as peroxide in each ore, bat I 
bave not thoaght it necessai'y to make a separate estimatiou of tbis, 
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A thiixi specimen from the Great Valley examined for iron alone, 
gave a percentage in the raw ore of 37.95. 

A detailed analysis by Dv. B. J. Harrington, of a specimen of iron- 
stone obtained by Prof. Bell, near the Dirt Hills, will be fonnd in the 
Report of Progress of the Geologlcal Sui'vey of Canada, 1873-74, p. 
241. 

429. It wonld appear that the iron ores of this formation rank high in 
the class to which they belong, and that if occurring in sufficient qnantity, 
they might eventnally become of gi*eat economic importance. I have not 
Seen, however, in the vicinity of the Line, any place in which they are so 
abundant as to Warrant the hope of the pi*ofitable production of iron. In 
some localities, great sorfaces are more or less thickly covei*ed with no- 
dales which have been left behind by the erosion of the contalning rocks; 
and it is of coorse possible that f\irther search may lead to the discovery 
of sections in which so many bands occur as to render it profitable to 
work over the entire bank for thoir extraction. 

430. The poor ironstones of the eastern out-crop of the Cretaoeons 
have already been described (§ 185). In the westem exttnsion of the 
same division of the Cretaceoos, ironstone is mach more abundant, espo- 
cially where it holds the large septanan nodules described by Dr. Hector 
as characteristic of his group C. These in some places are rieh and pure 
ironstones, and were uoted to be specially abundant in some of the sec- 
tions south and west of Wood Mountain. These rocks may in some 
places occur with suflScient ironstone, near good lignites of the Tertiaryi 
to be of economic interest. 

431. If the manufacture of iron is ever to be carried on on a large 
Scale, for the supply of the interior region of the continent, it will proba- 
bly be,. however, toward the eastern base of the Bocky Mountains. There 
the fliels are better suited for this pui'pose, and ironstone probably still 
occurs quite as abundantly in the formation. There, too, it may confi- 
dently be expected that search will bring to light deposits of the richer 
ülasses of ores among the palseossoic rocks of the mountaibs. 
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432. In adopüng the name Lignite Tertiary, as that of the gi*eat 
newer eoal-bearing formation of the west, and using it — as has been 
done throughout — to designate the pai*t of the series whieh lies above the 
5th er Fox Bull group of Meek and Hayden's Cretaeeous section, I have 
not done so carelessly, bnt as the result of a careful, and I hope impartial, 
review of all the evidence bearing on the age of the formation, to whieh 
I have access ; as well as the study of the rocks in the vicinity of the 
forty-ninth parallel, whieh have come under my more immediate atten- 
tion, and whieh seem to throw important light on the question. It would 
appear only proper to State the reasons whieh have had most weight in 
leading to the formatier, of this conclusion, and this will now be done as 
briefly as possible. Tlie sabjeet is a delicate one, insomuch s& it has 
been the topic of muc h eager eontroverey, but it is hoped that injustice 
has not been done to the views of any of the gentlemen concerned, and 
that if errors* have crept in unobserved, good intentions will serve as an 
apology. Nor can the gradual ehange of opinion — ^now a matter of 
geological history — ^whieh has taken place on some points with the 
advance of knowledge with regard to the beds, be eonsidered deix)gatory, 
for nothing can be more honorable or ti*uly scientific than that impar- 
tiality whieh allows, on the knowledge of new facts of a different ten- 
dency, the prompt retractation or modification of views formerly 
upheld. 

433. There is, perhaps, no more interesting problem in American 
geology, than that presented by the later deposits of the interior region 
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of the continent, and enpecially by that pari of them Bupposed to 
represent the closing epoch of the Cretaceous and the introduction 
of the Tei*tiaiy. Thiij queslion is at the Barne time one of conBiderable 
diffieulty, so mueh bo, that the systematic position of a great seriea of 
bedH, in Bome plaoes Beveral thouBand feet in thickneBB, and inclading 
the greater pai*t, if not the whole, of the valuable lignite deposits, Ib at 
present in doubt. VaiHouB geologistB who have devoted mach time and 
study to the formation, are almoBt equally divided in opinion as to the 
Cx'etacooiiB or Tertiary age of the i'ocks, or the coiTelation of a portion 
with the former and a portion with the latter foi*mation, and the poaition 
of the separating line. 

434. Much of the differenee of opinion, however, appears to have 
arisen fl'om approaching the pix>blem with preconceived ideas, and the 
attompted application of palssontological genoralizations derived from 
the study of other localities, which have been fonnulated ander too rigid 
lawB. The break between the CretaeeouB and Tertiary in England, and 
in Europe gonerally, is one of the most complete and striking in the 
cntire rock senes, and justifies not only the Btjict Separation of the 
Upper Cretaceous and Eocene beds, but the introduction of the great 
classificatory line dividing the Secondary from the Tertiary. The 
MsDsti'icht and Faxoe beds, and the Pisolitic limestone of France, it is 
true, show an appi-oximation to the fauna of the Eocene, bat are still 
distinctly Cretaceous, and go bat a little way toward bridging the great 
hiatus between the formations. The Upper Cretaceous beds of New 
Jeraey, and the interior continental region, appear to represent these 
highest European members of the Cretaceous ; and in the eastem coast 
region of America the localization of the bi*eak between the Ci*etaceoas 
and Tertiary at this horizon is also bome out, the lignitic series of the 
West being um^epresented. 

435. It has been a common palaeontological aphorism, based 
especially on the study of the Em*opean senes, that no Single species 
is known to have passed upward from the Cretaceous to the Tertiary, 
but this, likc most negative generalizations in geology, is already foand 
to be imperfect. On examining the typical localities, we find that the 
change in the fonn of lifo is not alone, but synchronoas with vast 
physical changos, indicated by an entire altei*ation in the character of 
the deposits. Thei'e is every reason to believe, that the physical break 
was more sudden and potent in its effect on the forms of life, than any 
slow replacement of old types by new, by development or otherwise. 



k. 
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Animal life of deform hitherto scarcely represented, is by the changed 
physical circumstanceB brought prominently forward, and adds much to 
the apporent completeneBB of the replacement. It was an appreeiation 
of this fact, which led a few years ago to the extreme Statement, that 
the Cretaceous period still exista in the deep sea. 

436. In the interior region of America, no great physical break took 
place at this time, and though the change in facies of life forms there, is 
probably mach more rapid than can be accounted for without adding the 
acceleration due to physical change, the latter advanced slowly and 
uniformly, and, as might be foreseen, no distinct separating palseonto- 
logical line can be drawn. As geological knowledge increases, it 
is found that its record of time in any one locality is much more 
imperfect than had been supposed. A combination of the records of 
all regions would, no doubt, suffice to fill the gaps, and the Lignite 
formation of America appeara to go far to close one of the greatest of 
them. 

437. Dl*. Hayden, who has been aetively engaged in working out 
the geology of the great area west of the Mississippi, included in the 
Territories, has affirmed and reiterated his belief, that the whole of the 
lignite-bearing rocks of the west belong to one great connected senes, 
however separated now in some regions by the upheaval of mountain 
chains, or by denudation. * This view is also insisted on by Prof. 
liesquereux for a great majority.of the diiferent localities, f and is ap- 
parently accepted by Prof. Cope and others. The evidence is also irre- 
fragable that these rocks, wherever their relations are clearly shown, 
or have been cärefully worked out, rest directly on the upper member of 
the well marked marine Cretaceous, in a perfectly conformable manner. 
The underlying rock is invai-iably, or almost invariably, the yellowish 
arenaceous clay or sandstone referable palflßontologically — ^wherever that 
criterion admits of application — to Meek and Hayden's 5th group, and 
entirely distinct in appearance froia the greater part of the beds asso- 
eiated with the lignites above. J I can not find in the report» of the TJ. 
S. geologists, mention of the occurrence, in the Eocky Mountain region 
or eastward, of beds of lignite or coal in the lower well-marked members 
of the Ci*etaceous, comparable to those of the Saskatchewan, which are 
provisionally placed on that horizon by Dr. Hector ; with the possible 
exception of the coal observed by Pmf Marsh on the south side of the 

• Am Joarn. Sei. and Art«, 1868. U. S. Geol. Surv. Territ, 1870. p. 1«. U. S. G«ol. Sunr. Territ., 
1872,p. 14,&c. tn»id.,p. 8fi«. | Hunden. U. S. Oool. Surv. Territ, I8d7-4I9, p. 121, &c 
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X7inta Mountains in Utah,* and the Placiere coalB of New Mexico, des- 
cribed by Prof. Newberry, which are considered as Tertiary by Prof. 
Lesquereux, and have been Htated to be bo by Dr. Hayden.f With these 
exceptions, therefore, and leaving out of consideration a few localitiee in 
Utah and elsewhere, with retard to which there may still remain some 
slight doubt ; the age of the whole.of the valuable lignite deposits of the 
West depends on that aßsigned to the series of beds immediately oveiv 
lying Cretaceous No. 5, with which they lU'e associated. 

438. The Tertiary age of the eastern representatives of these beils, 
in their typical localities, has never been directly questioned. Tt is 
only if the Lignite foi-mation of the eastern base of the mountains be 
refen^ed to the Cretaceous, that it beconies necessarj*, ft-om the homo- 
geneity of the group, to consider these beds Cretaceous also. Prof. 
Newberry, however, has throughout maintained that these beds are 
Miocene, J while Prof. Meek more than hints at their ultimate inclusion 
in the Cretaceous, § and Prof. Cope now dofinitely classes them as 
Cretaceous; the two latter gentlemen arguing from the westem beds 
eastward, in the manner above indicated. There seems little doubt, 
however, that the general tenor of the evidence of these beds, when 
considered alone, favours their Lower Eocene age. Their exact synchro- 
nism with the European Eocene is a questiou äpart from the present 
inquiry. 

439. It is in the westem extension of the beds of the Lignite formatlon, 
in the Rocky Mountain region, — ^where, though preserving the same 
entire eonformity with the underlying well-mai'ked Cretaceous, and non- 
eonformity with the later Tertiary beds above them, — they have atisumed 
preponderating salt and brackish-water charactersj that the dispute 
with regard to their age has been dosest, and the ai*guments on either 
sido most equally balancod. The shells of manne and brackish-water 
type, instead of occurring merely in the lowest layers, here characterise 
a gi-eat thickness of the strata. At Hallville, in Utah, 3,000 to 4,000 
feet of coal-bearing beds were laid down before the sea waters were 
finally excluded. || Yet the tendency of the evidence seems to point 
to the necessary inclusion of these coals of Utah, in whatever series 
those of Colorado are ultimately placed, though Mr. Marvine appears 



* See Cope. U. S. Geol. Suir. Terrlt., 187S, p. 4S8, Prof. Dana in the lait edition of Ui MaBOil of 
Geology refen to thoee beds as belongins to the disputed Ugiüte fonnaüon. 

t U. S. Oeol Surv. TeirTt, 1860. Am. Joum. Sei. and Arte, June. 1874. 

t GeologlcB] Report Yellowitoae and Mlnouri Expedition, 1809. Am. Joum. SoL and Arte, April 1574 

I U. 8. Qeol. Surv. Territ., 1872, p. 400. 1| Hayden, U. S, Qeol. Sury.Territ , 1870. pi 100. 
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to believe that they represent a different horizon. * The lignite- 
bearing rocks of the forty-ninth pamllel, from about longitude 110® 30' 
westward, belong with few exceptions to the «alt and brackish water 
series, and closely resemble those of the eastern and weBtem üanks of 
the Bocky Mountains further south, both lithologiealiy and palseonto- 
logically. Specific identity probably obtains between mollnscs from the 
vicinity of the Buttes, and both tbose of the Coalville and Bitter Creek 
series of Dr. Hayden. 

440. Dr. Hayden, whose authority with regard to th% stratigraphical 
relations of the westem beds can scarcely be disputed, in all bis earlier 
publications and reports, refers the whole of the lignite-bearing rocks, — 
which as already stated he considers as an unbroken series, — ^to the 
Tertiary, and attaches them to the Miocene division. Writing in 1857, in 
conjunction with Prof. Meek, Ije says : — " We have no evidence that 
any of the Tertiary deposits now known in Nebraska are older than the 
Miocene. The great lignitic basin, and the Mauvaises Terres of White 
Eiver, though probably both Miocene, ai*e not exactly on a parallel." f 
Again, in the same year, in bis Notes explanatoiy of a Map and Section, 
he writes of these beds. " The coUections of fossils now obtained show 
most conclusively that it posesses the niixed character of a fresh-water 
and estuary deposit, and that it cannot be older than the Miocene 
period."J In the published resulte of the Yellowstone and Missouri 
Expedition of 1859-60, § we find the entire fonnation still retained 
in the Tertiary, but placed doubtfully on the horizon of the Eocene of 
Europe. The doubt seeming to obtain chiefly with regard to the pro- 
priety of its Separation from the Miocene^ and to be based on Dr. 
Newberry's opinion on the plants. The comparison by Prof. Liedy of 
the animal remains with "types even older than the Tertiary" is, 
however, mentioned. In 1868 Dr. Hayden still maintains the Tertiary 
age of the foi*mation, and mentions especially the coal-bearing beds 
of the Laramie Plains, although in this locality, as he says, " some 
marine fossils are found in strata connected with the coal."|| The 
admission is also made that there may here be " some thin seams 
ofirapure coal in the upper Cretaceous beds." In 1870, Dr. Hayden 
refers to the Lower Eocene, the coal formation of the Green River and 
Bridger regions, but designates bis Classification of the beds there as 



•US. 0«ol. Surv. Territ., 1873, p. 107. t Detcrlption, New Spedes and Genen Foeiili, &c. p. 19. 

l Note« Explanatoiy of a Map and Section of the Oountry Borderirff on the Mimouri River, p. 9. 

9 Geological Report Yellowstone and Mifleouri Expedition, p. 29, et teq. 

II ü. 8, Geol. 3urT. Territ,, I8e7-e9. p. 100. 
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proviöional.only.* In the same report the position of the Coalville 
lignite seriea in admltted as doubtf\il, the uncertainty being caused, 
however, by the local diBturbances of the strata, the beds of Oretaceons 
No. 2 appearing to overlap them. The conclusion arrived at is, how- 
evei') that the coal is probably in i*eality '* above the black Cretaceous 
elays of No. 2, and fortns a pari cf the Upper Cretaceaus group,*' f 
On another page of the sam^ repoi-^ it is stated that while in some 
localities the line between the Gretaceous and Tei-tiary i8 well marked 
by the abnence of soine bedn — presumably those of mai'ine and brackish- 
water a8pect — that in othera, a» in the Bridger Pass dißtriet, the divieion, 
however minutely the beds may be atudied, must always be an arbitrary 
one. J In 18*72 Dr. Hayden is fully pi'epai*ed to admit the Ci-etaeeoas 
age of a great part of the «eries. He conniders the evidence of the 
Cretaceous age of the lower coal bed« in Utah, especially at Bear 
River and Coalville, to be conclusive, and writes : " But if we admit 
that the coal beds of Wyoming and Ooloitido are all of Cretaceous 
age, I think we mgy extend them all over the North-west and ignore the 
evidence fi*om the fossil plants entirely. The facts, as we possess them 
at the present time, seem to point to the conclusion that the lignite strata 
commenced during the latter portion of the Cretaceous period, and con- 
tinued on into Tertiary times without any marked physical break, so 
that many of the Cretaceous types, especially of the vertebrata, may 
have lingered on through the ti-ansition peiiod, even into the Tertiary 
epoch."§ Also, in speaking of the lignite-bearing sti*ata of the region of 
the Gallatin Valley : " The evidence at the present time points to the 
conclusion that the lower poiiions of this gi*oup are Cretaceous, passing 
up by gradual transition into the Tertiaiy, and that the gi'eater portion 
may be regarded as of the age of the latter period." In the maps and 
sections published with some of the reports i-eferred to, the Tertiary 
Classification of the beds in question is adhered to. || Professors Hitch* 
cock and Blake havc also adopted Dr. Hayden's colouring in their general 
Geological map, beanng date 1812. 

Dr. Hayden's explorations were begun on the eastem margin of the 
formation, but previous to 1857 he had examined the country bordering 
the Missouri as &r west as Fort Benton, and on the present line of the 
Pacific Bailway, to Green River. 

* U. B. G«ol. Surv. Territ, 1870. p. 78 t Ibtd.,p. 167. t Ibid.« p. 7e. 

I U. 8. Oeol. Surr. Territ, 1872, p. 14. 
II See Map »nd SecUon flluiirating Oeol. structure of Country bordering the ]iiaK>iiri. 1857. Ib4> 
aooompanying YellowBtone and Miaiotul Beport, 1809. Map aooompanying fluaT Bepoit on Neomka, 187t 
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441. Prof. Meek, early in the field, concure with Hayden, as we have 
Seen, in 1857, in ascribing the lignite strata to the Miocene. As eai*Iy as 
1860, it would appear, however, that he had refeiTed some molluscs from 
the lower part of the coal-bearing series to the Cretaceous, and in 18*70 
he takes the view that the beds of Bear River and Coalville in Utah, 
are Upper Cretaceous, passing up through a series of transition strata to 
Eocene ; thoagh he is at the same time eareful to guai^l against the 
snpposition that he considers the limits of either one formation or other, 
to be ezactly synchronous with those of the same names^ and typified by 
similar fossils in Europe.* Beasoning entirely from the results of bis 
examination of the invertebrate fossils, he places the lower beds, con- 
taining undoubted marine forms in the Upper Cretaceous, assigning 
them a position superior to Cretaceous No. 5, of the typical sections, 
Those with estuarine fbrms, are referred to the Tertiary ; though in the 
conclusion of a note, on fossils submitted to him by Mr. Clarence King, 
he remarks : — " While I am, therefore, willing to admit that facts may 
yet be discovered that will wairant the conclusion that some of the 
estuaiy beds, so widely distributed here, should be included rather in 
the Cretaceous than in the Tertiary, it seems to me that such evidence 
must either come from included Vertebrate remains, or ftx)m ftirther 
discoveries respecting the stratigi'aphical position of the beds with 
relation to other established horizons, since all the moUuscan remains 
yet known from them seem to point to a later origin."f The most 
typical Cretaceous forms recognised in the marine beds are, Inoceramus^ 
Änchuria and OyrodeSy "Genera that seem not to have sui-vived the 
cloee of the Cretaceous period." J Several other fossils of Cretaceous 
aspect, however, occur, and in some cases are compared specifically with 
those of the higher Cretaceous beds of California. § In summing up bis 
arguments fbr the Cretaceous age of the lower beds of the Green Biver 
Basin, Prof. Meek lays especial stress on the occuiTcnce of InoceramuSf 
and a somewhat doubtflil specimen of Änchuria, and also on the fact that 
there is no evidence of the existence of any strictly marine Tertiary deposits 
in the interior region of the continent He admits that if the remainder of 
the molluscous fauna were presented to any palieontologist unaware of 
the existence of the Cretaceous foi*ms mentioned, and the generalization 

* Sc« Prof. Meek'8 verjr Interesting review of the queation In U. S. Oeol. Sur. Territ., 1870, pp. 
290, 201. t U.S. G«ol. Explontion Fortieth Panllel : vol. m., 1870, p. 406. 

t U. & Oeol. Surv. Territ., 1870. p. 200. 
I The incinslon of remains derived from the disiutegntion of older but unconeolidated beds maj 9C- 
oonnt for some of theae tecte. In the drift clays of the western plalns, I have seen Utile altered 
Cretaceous Shells imbedded, in a manner which would have beeu veiy punling, had tiieir Cretaceous 
afflnlties not been known. 



190 B. N. A. BOUNDART C0MMI8SI0N. 

above Htated, they might be unhcHitatingly referred to the Tertiary.* 
In 1872, Prof. Meek made a careful examination on the spot, of many of 
the mo8t iiiteresting localitie» in the Bocky Mountain Begion, and inhis 
report reaffinnH and extends his former views. It would seem, howover, 
that the qiiestion was approached with some ready formulated rules. He 
writes, for instance, in mentioning the reference of the foseils to the 
CretaceouB in 1871. "Thiö I did, mainly because there were amtmg themno 
fresh'Water ar strictly brackish-water types ; trhUe up to this time we know 
of no Tertiary of marine origin in all the intericr region of the Continent"jf 
At the eame tirae two of the shells of brackish-water aepeet were referred, 
to the Bocene, though — as he himself aftei'ward statee — ^they were ßub- 
sequently found to have belonged to the marine beds last referred to. 
Nothing can show more clearly than this eri'or, the delicacy of the 
investigation, even when foUowed on the evidence of the molluscan type 
only; or the danger of dei)ending on the change fi-om marine, to 
brackish, and fi'esh water, as a definite line. It is but fair to add, how- 
ever, that the collection including these forms was small and apparently 
in imperfeet presei-vation. On another page, Pi'of. Meek says of the 
lower marine beds, i'epresented in the Bitter Creek Series : " Although 
partly committed in favom* of the opinion that this foimation belongs to 
the Cretaceous, and still provisionally viewing it as probably such, I do 
not wish to disguiso or couceal the fact that the evidence favouring this 
conclusion to be derived fi-om the moUuscs alone, as now known, is by 
no means sti'ong or convincing." J The absence of all the characteristic 
Cretaceous Cephalopoda is noted as not satisfactorily explicable, and the 
decidedly Tertiary facies of the Corbulce coramented on. Some of the 
latter, are similar to species found in the brackish-water beds of the 
Judith Biver on the Upper Missouri, which have generally been regarded 
as Eocene, though now, together with the Fort Union beds, by some 
included in the Ci'etaceous, An Anomia, at the same time, so closely 
resembles one from the Cretaceous of Texas, that it is supposed to bo 
identical with it. Directly associated with the Dinosaiuian remains in 
the beds at Black Butte, is found a shell indistinguishable from Viviparus 
trochiformsy originally described irom the typical Port Union beds, near 
Fort Clarke, on the Missouri. The unity of the lignite series now 
renders itself apparent, and the imjKWsibility of referring their eastem 



* Thii seems to bave alreadv occurred, aa Mr. Etheridge, PelaBontologiit to the Geologfcal Samnj of 
Great Britain, hu referred shelU obtained by Dr. Hector at the Gypreei HUls,— which in all probaUUtJ 
belong to this formation — to the marine Eocene. 

t U.& OeoL Surr. Territ., 1872, p. 46S. : Ibid., p. 468. 
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and woBtem representatives to different formationR. It becomes necoBsary, 
if consiBtency shall be preserved to include the whole serieB in the Cre- 
taceouB or Tertiary, and the former course iß adopted. Prof. Meek 
writes : — " The occurrence of this last named specieB here, along with 
a Cretaceons type of reptilian, and a Corhicula apparently identical with 
C. cytheriformis of the Judith Eiver brackiBh-water beds, together with 
the preBence of Corbulas, veiy closely allied to Judith Eiver species, at 
lower horizons in thiB Benes, and the occun*ence of some vertebrates of 
CretaeeouB affinitieB at the Judith Biver localitieB,would certainly Btrongly 
favoor the conclusion, not only that thiB Judith Eiver foiination, the age 
of which haB long been in doubt, iB also Cretaceous ; but that even the 
higher freBh-water lignite formation at Fort Clarke and other Upper 
MiBBOuri localities may also be Upper Cretaceous, inBtead of Lower Ter- 
tiary."* 

442. Professors Newbeny and Lesquereux have investigated the 
numerouB and rieh collections of plants obtained from beds associated 
with the lignites. Pi^of. Newberry, in 1869, in describing plants ob- 
tained by Dr. Hayden^ throughout refera to the deposits as of Miocene 
age. The specimens examined at thie time were from vai*iou8 localities 
in the valley of the Missouri, from the extreme eastern edge of the fonna- 
tion at Fort Clark, to a point 100 miles up the Yellowstone. f Prof. 
Newberry still maintains the Miocene age of the Ijpper Missoui-i lignite 
beds, on account of the great similarity of their flora to that of the 
Miocene of other regions, but inclines to refer those of Colorado, Wyom- 
ing, and Utah to the Upper Cretaceous. J This airangement is appai*- 
fently quite at variance with the stratigraphical unity of the formation, 
insist^d on by Hayden and others, and the resemblance of many of the 
molluscan types throughout. 

443. Prof. Lesquereux, while admitting the Miocene facies of the 
plants from the lignite deposits, when compared with those of the old 
World, § places those of the Missouri basin in the Lower Eocene, and 
includes in the same category the greater pai^t of those of the westem 
Eocky Mountain region. He, however, points out the close correspon- 
dence of American Tertiary and Cretaceous forms — ^plants from the 
lower beds of the Cretaceous having originally been refeired to the 
Miocene of Europe. Prof Lesquereux visited and carefully examined 
Bome of the most interesting localities in 1872, and appeara to have been 
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confimicd in his opiiiionft previouHly expressed. IIo believos the Eocene 
of America and Europe to be identical in general charactora, and as a 
resumi of hi« coneliiHions writi's : — " I am, I think, authonzod to deduc« 
the following eonclusions : That the gi'oat Lignitic group niust be con- 
siderod as a whole and well churacterized formation, limited at the baso 
by the fucoidal sandstone, at its top by the conglomerato beds ; that inde- 
pendent fi-om the Cretaceous under it and from the Mioccnc above it, our 
Lignitie formations represent the American Eocene.'* * In 1874, Prof. 
Lesquereux ai^pears in some dcgree to modify this statement, by plaeing 
the beds at Cai'bon in the middle Miocene, and including those of Evans- 
ton and a few other localities, in the Upper Eocene, while classing the 
great majori ty of lignite-bearing ixxjks — including those of Colonido and 
Wyoming, with those also of Coalville in Utah, Nanaimo in Vancouver 
Island, and the Placiere coal of New Mexico — as Lower Eocene. f He 
believes that the age of the flora of many of the Euroi>oan beds referred 
to the Miocene, has not been fixcd with siifficient precision to admit of 
thcir being uscd as terms of compaiison. 

444. Pi'of. Newberry draws attention to the fact of the diversity of 
Prof. Lesquereux's so-called American Eocene plants from those of the 
recognized Eocene of Eui'ope, and does not think bis reference of the 
lignite beds to the Eocene justified, writing : — " This conclusion I am 
unable to accept, from the fact that the general facies of the Missouri lig- 
nite flora, is altogether unlike that of the European Eocene, and it is 
identified with the Miocene flora of Aixjtic America, Icelaud, the He- 
brides, and Central Europe, by most of its genera, and by a considerable 
number of well-marked species." J 

445. Pix)f. Cope appeai-s first to have refeired beds of this fonna- 
tion to the Cretaceous, on accountof their reptilian fauna in 1869. § He 
has described the remains of the Dinosaurian reptilc fi'om the Bitter 
Creek series near Black Butte, where they occur in the dosest rcladon 
with a coal bed, and were surroundcd by a mass of vegctablo dobris, and 
associated with Viviparua trochiformiSj already mentioned. He insists on 
the importance of this discovery, and writes : — " It is thus conclusively 
proven that the coal sti*ata of the Bittor Creek Basin of Wyoming Ter- 
ritory, which embrnces the greatest area yet diseovered, were deposited 
during the Cretaceous period, and not dui-ing the Tertiary, though not 
very long preceding the latter." || 



•US- Qeol Sunr. Territ, 1872, p. 8M). 
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Prof. Marsh is stated to have foiind, " over the coal sories, Bix 
miles from Green Eiver, near Brußh Creok, in Utah, a layer füll of Ostrea 
ecTigesta, Con., a tj^ical Cretaceous fossil, «nd above this a crinoid, per- 
haps related to the Cretaceous MarsupiteSj and also Scalen öf a BeryXy 
ä genite of Cretaceous fishes ; and in shales below the coal bed, remains 
öf turtles of Cretaceous types, and teeth resembling tho^eof b. Megalosau- 
rus" * Tfrese beds, however, according to Prof. Cope, f do not belong 
to the horizon of the lignite formation of Bitter Creek, btit perhaps to 
Cretaceous No. 3, and cannot be aecoptod in evidence fot* the Cretaceous 
age of the Lignite foinnation properly so-called. 

446. The Cretaceous age of at least a considerable part öf the Lignite 
formation of the West is also held by Messrs. Marsh, Stephenson, Em 
mons, and King. The latter places the line of division botween the Cre- 
taceous and Tei-tiary at Bitter Creek, at the level of the highest horizon of 
brackish-water Shells — ^a distinction which has the appearance of being 
a purely arbitrary one. 

447. The issue is perhaps dosest with regard to these Bitter Creek 
representatives of the formation. By Prof. Cope, they are rcferred to 
the Upper part of the Cretaceous, fi*om the occurronce of the Dinosaurian, 
Agathauntas sylvestris. Prof. Meek, as we have seen, though not without 
much doubt, also relogates them to this formation ; while Prof. 
Lesquereux believes the plants to be unquestionably Tortiary and Lower 
Eocene. Prof. Hayden had previously remarked the impossiblity of 
laying doy^n any exact line between the Crötaceous and Tertiaiy of this 
region, and believes a considerable thickness of "ti*ansition beds** 
to bc developed ; J a feature also insisted on sübsequently by Dr. Bannis- 
ter. § Here at least, we find the co-existence of the remnants of a Ci-c- 
taceous fauna, with a floiii such as is usually considered Tertiary by 
pa}aH>ntologists. 

448. In the above brief summaiy of facts and opinions, it has becn 
endeavored to bring together the more important data bearing on the age 
of the westem Lignite fonnatioii, ^nd to illustrate thogradual change of 
Opinion which has taken place concerning it. For details and illustra- 
tions, it will only be necessaiy to refer to the elaborato and valuable 
repoii» of the gentlemen refcired to. 

449. The physical nature of the junction of the Lignite-bearing beds, 
and " transition beds,*' with the well marked Cretaceous, has ah'cady 
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been alluded to ; and that examined in the course of my own explorations, 
is fiilly described in another pai-i of tlü« Eejwrt. Aa this junction U, 
however, a matter of great importanee, a fcw additional facto concerning 
it may be adduced. Tbough in sonie localities, as at Bitter Creek, the 
Separation between the univensally reeognized Cretaceouß, and beds 
belonging to the Lignite formation, may not bc clearly definable, this is 
vory seldom the ca«e. Notwithstanding the locally variable character 
of No. 5, no division of the Cj'etaccoiis seems to be more constant in its 
gcneral characters and appearance, over the whole westem ai-ea of the 
interior region, a« well as in the tj-pical oastern sections. Palwon- 
tologically ; it is to a great extent a continuation upward of No. 4, and the 
changes it presentn as compared with that divinion, are mostly thoee 
nocessarilly brought aboiit by the Hhoaling of the waters of tl.o 
sea. Thore alno api^eara to Iw, in maiiy localities, a second rxme of 
saudstone at about thin level in the Herie«, which has sometimes been 
attached by obsei'vera to the bane of the Lignite formation, and sometimes 
to No. 5, and to whieh Prof. Lesqucreux h&s di'awn pai'ticular attention. 
It is chai*acterized by the abundanee of fucoidal remains in many places 
where he has examined it. It is not always easy to decide at once 
between these sandstones, and those moi*e elosely attached to the 
summit of the Cretaceoun, nor doe« the division appear to be one of 
great importance, as thero is no i-eal physical, or great palfeontological 
break. In the Valley of the Yellowstone, Dr. Hayden describes, " a 
deep reddish-yellow Sandstone resting on the well mai*ked Cretaceous 
rocks which I cannot positively affinn aw belonging to the upper part of 
No. 5, or to the k)wer bed of tlie Tertiary." A similar bed is fomid 
holding the same position, high up ou the MisKonn, and round the rim of 
the Lignite Basin where it skirts the Black Hills.* Again near the 
Baton Mountains, Dr. Hayden descnltes '^ a massive heavy-bedded sand- 
stone, 3'ellowish-grey or whitish, and rathcr concretionaiy in stnicture" 
as overlying Cretaceous No. 4 ; and this aircoi-ding to Lesquoreux foims 
all round the mountains, the base of tlio Lignitie formation. These sand- 
stones are also described south of the Katon Pass, along the base of the 
Eocky Mountains by Dr. Leconte, as " formed like an immense teiTace, 
which extends as far south as tlie Valley of the Torejo, and perhaps even to 
the North bank of theCimarron.^f In the Valley of the Ai'kansas, Dr. 
Hayden mentions as resting on No. 5, a " thick bed of mst^^-yellow 

* Oeolosrical Report Yellowstone and MiasouH Expedition, p. 6& 
t See Leequenox U. S. Qeol. Surv. Tttrit., U72. p. SSL 
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BandBtone," which is regaixled as the lower bed of thc Tertiary.* 
Thoogh the Creüiceous subdivisions are not well defiiied in the Southern 
Socky Mountain region, so much so that it has been said by Haydcn, 
that " if they had first been studied along the base of the mountainn only 
from Cheyenne »outhward, it is very doubtful whether the five distinct 
groups of strata would have been made out," yet, even where the liiles 
ai'e thtts indefinite No. 5 is cleai'ly represented, and holds the same 
i*elations to the underlying and overlying seines that it does on the forty- 
ninth parallel. The black shales of No. 4 are said to " pass gradually up 
into yellow rusty arena<?eouB elays which characterize No. 5, and No. 5 
passes up into the Lignite Tertiaiy bed« where they can be scen in 
contact, without any well defined line of Separation that I could cver 
discover" f In other loealitieH Dr. Haydcn ha« denominated ai'onaceous 
layeiTj which scem to occupy the »ame horizon, " ti-ansition beds." IIc 
writes " In various portions of the Lai*amic Plains, Colorado, Baton 
Hills, &c. I have observed between thc well defined Cretaeoous and 
TeHiary beds, a gmup of strata composed of thin layere of clay with 
yellow and grey sands and sandstones, which I have called ü'ansition 
or beds of passage." " There is no proof so far as I have obsei-ved in all 
the Western country of non-conforinity between the Cretaceous and 
Lower Tertiaiy bed8."J Examples might be multiplied, but sufficient 
have been given to illustrate the nature of the junction, and its similarity 
over the bi'oad ai*ea explored by the U. S. geologists, and on the forty- 
ninth parallel and north ward. 

450. The pei-fect stratigraphical continuity of the Upper Cretaceous 
and Lignite fonnation ia apj)arent everywhere. No break occuins fi'om the 
base of No. 4, up through that division and No. 5, on ward through the 
whole thicknesH of the beds associated with the lignites. The period of 
the deposition of the Lignite fonnation, is however, almost everywhere, 
brought definitely to a close by the occun-ence of a mountain-making era, 
during which a great part of the Eocky Mountains was elevated, and the 
succeeding Tertiary beds, when they occur, are frequently found to rest un- 
conformably on the Lignite strata below. One horizon only, in this great 
Upper Cretaceous and Lignitic seines, is well marked, and that is fixed as 
definitely as any geological mark of time can be. The yellow arenaceous 
beds of No. 5 are almost everywhere recognizable, and with them the 
lower sandstone of the Lignite formation is at least physically connected. 



* U. S. G«ol. Surv. Terrlt., 1809. p. 60. 
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451. That the clianged physical conditions, and more Inrbuleiit 
wateins, cauHing thi» sandstone dopo»it, were circumstances simiiltaneoiwly 
aflecting the- whole area in queHtion, and not progressively paasing 
over it in any direction, appeai-B cerfain. This is shown by its palffionto- 
logical similai-ity, and by tbe fact that while almoHt immediately suc- 
ceeded by fresh-water conditionH in the eaat, it lies far dowi» among 
brackish-water and marine fossils in the west. The elevation of the 
continent following the depouition oi' these sandHtones, taking place gra- 
dually, and probably in a Bomewhat inteimittent manner, and with 
occasional slight relapse», brought certain »i-eas above the suiface in Üse 
eastern part of the inferior oontiuental region, and also even towaixl the 
west, at least as fai* as to the position of the preeent Kocky Moantain 
uplift. The sea was not perfectly excluded from the intei-vening shalkiwä 
in the east, while in the west, the watei*s suiTounding the k>w-lyjMg, 
foi'est-clad land, were eescntially maiine, The eastem area was, however, 
soon converted into one chai*acteri£ed by shallow lakes of fi^esh-water, fh>m 
which the sea was poitnanently excluded. In and ai-ound these, the 
lignites and associated beds were formed ; while westwaitl, and separated 
perhaps by no distmct barner, was a region more or less snbject to 
altemations, and mingling of eetuanne and marine conditions, bat where 
also the deposition of lignites was taking place in mruch the same manner 
as in the east. Everything seenis to favoiir the belief that the depcait 
was simultaneous, as hei*e indicated. Thus it is, that while th^ change 
fi*om Salt to fresh-water forms, in the eastem area happens to be roughly 
8ynchi*onoiiB with the inception of the Lignite formation, it is valneless 
when extended westwaid as a criterion. 

452. In the eastern region, the chango from Cro*aceou8 to Tertiary 
Iife-foi*m0 has been manifestly accelerated by the change of physical con- 
ditions. In the west, a similar accelei*ation has also obtained, bat has 
not been so great, and while several thonhand feet of stimta were being 
deposited, occasional relapses of physical conditions allowed maiine 
forms of Cretaceous aspect to re-appeai*. The change in type of life on 
which a paleeontological Classification is based, aiKl which the increase of 
knowledge continnally tends to show was more unifoim and gradaal tban 
formerly supposed, is therefore compliciited over the interior area of the 
continent by a saperposed change fj'om mai'ine, through bi-aekish, to 
fresh-water conditions ; and this did not take place simultaneoasly in all 
parts of tho area. 

453. The dividing lines of goology ai*o necessai'ily to a great extent 
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foftnded on aar ignorance, or local knowledge, and had the recognised 
claasification of foi*mations been based on a study of the westei-n interior 
region of North America/ it is probable that there woiild have been no 
line drawn between Mesozoie, and Tertiary or Cainozoic ; or had there 
been, it would be plaoed altogether above the Lignite series, which 
pepresents, at least in pai't, the lower Tertiaries of other countries. This 
ftt least wonld have been the grand Classification founded on great areas, 
and not inTalidated by the existence in a few places, — as pi'obably at 
Evanston,— of beds of transition upwaitl. If, however, it is desirable 
to draw a line between Cretaceoas and Tertiary for the sake of uniform- 
ity with other and better known i-egions, and for use as a boundary in 
geological mapping; no physical non-conformity offering, it becomes 
neoesaaiy lo tum to the included organic remains, which might indicate 
the Position of some gap otherwise concealed. These we have seen, 
however, do not ofPer evidence of a veiy ceiiain tenor ; but fi*om it, such 
as it is, our conclusions must be di*awn. 

454. The plante and fresh-water molluscs do not appear to be capa- 
ble of rendering much service. The flora of the Dakota gi'oup, — the low- 
est of the Ci^etaceous of this region, and the probable eqnivalent of the 
lower or grey chalk of Eiu'ope — is well represented in some localities, 
but'iö so essen tially modern in type, that it was by competent authorities 
referi'ed to the Miocene period. The distinetive facies of the flora of 
America^ seoms even then to have been sketched out ; and from this early 
period to the present day, wherever a land surface presented iteelf, plante 
very similar in appearance, and differing for the most part only specifi- 
cally, were ready to occupy it. No great wave of Vegetation of Indian 
and Australian type, like that charactenstic of the typical Eocene of 
Europe, seems to have swept over this continent, and thus the plante of 
the American rocks are not strictly comparable with those of the old 
World. They belong to a separate region, the features of which are ite 
own, and must be worked out by themselves. 

455. Yet further doubt, however, reste upon the evidence of the 
plants ; for Prof. Lesquereux, ft-om a careflil comparison of the flora of 
different localities of the newer formations of the interior and westem 
regions, is led to a sub-division and arrangement in series of the beds of 
these pla(?eß, which is in many instances manifestly untenable in the 
face of other evidence. This is especially the case when he includes the 
Placiöre coal beds ot New Mexico, and the Nanaimo coals of Vancouver 
Island, fi'om palceophytological reasoning, in the Lower Eocene. The 
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plant beds of the former locality bein^ overlaid by aome hundreds'*^ — ^in 
the latter by Reveittl thoiwandf — ^feet of bed», with well-marked marine 
Cretaceous forms. Prof. Xewberry, also, — as pointed out by Cope,J — 
though Bo familiär with the plants, Ib himself obliged to appeal to the 
eVidenoe of the animal i*einain8 to fix the age of the depoBita ; the plante 
not l>eing Hufläeiently closely comparable with the European. Nor does 
the Wide difference of opinion, with regard to age, of two so able 
pala>ontologißt8 in thin field, tend to innpire confidenoe in the flora an a 
guide. It would indeed appear, that the Cretac*eou8 and Tertiary floras 
of America and Europe are not yet suftieiently known to enable their 
une as tcst« of age. The difterenees cBtablished between variouB loeali- 
tie<t, and thought when only a small area wa^ known to indicate stepB in 
a genoral progreBs ; now »eem to be due, to a great extent, to the replace- 
ment of one flora by anothcr by migration, or to (U'iginal ditferenceB in 
olimate or condition, of the vuriouB places. 

456. In one resj^ect, however, tlie plantn a])pear eapable of affording 
a UBeful addition to the evidence. If, a8 appears probable ehiefly from 
their study, a well marked maximum i>eriod of wannth was oo-incident 
with the eaiiy part of the Lignite fonnation, preeoded and foUowed by 
cooler perioils, represented by the Dakota and later Tertiary depoBita 
respectivel}" ; it may be possiblc to correlate this with the warm period 
of the oarly Eocone in Kurope, and thus üstablißh a direet B^mchroniHnL 
ThiB carries with it additional probability, now that the possible depend- 
ence of Huch regulär cyclical changes on astroriOmical causeB, hae been 
shown. 

457. Fresh- water molluscs, do not usually offer to the palaaontologi^t 
a very Bafe criterion. They presei'vc, fix>m their earliest known appear- 
ance, a wondei*f\il «imilarity in genera and specien; and their forms are 
longer lived than thoHe of most animal s, and from the nature of the 
Bhell and it« ornamentation, changes which may be specifie, are not 
so well defined or clearly recognisable as in marine shells. Specific 
relations, however, when demonstrable are of value, and it would appear 
that Blich exiöt between some, at least, of the moUußCB of the disputed 
beds of the west, and those of the etiBtern boixler of the Lignite fomia- 
tion, the Tertiary age of which has only been in dispute since it became 
neccBBary for the prescn^ation of consistency, to include it with the 
former io the Cretaceous. The general facies, however, of the fresh- 
water Bhell» in bo fai* as it may weigh, is ceiiainly Tertiary. 

* NewbeiT>'. Am. Joum. Sd. and Arts., 1874. 

t RicharÜBon, in Report of ProgreM Gtool. Sunr. OanwK 1872-73. 
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458. The evidence of the marine Mollusca, has been fonnd in 
palaBontology the moBt valuable, and from the large area occnpied by the 
ocean, the most complete of any. The able palseontologist who hsa devoted 
hifl attention specially to the study of this line of life fonns, in the area 
in question ; though assenting to the classifieation of the disputed beds 
with the Ci'etaeeouß, registers his opinion aH to the prepondei*ance of 
forms of Tertiaiy facies. He admit» in evidence against these a few 
BCattei-ed genera, which in other countries, where the Cretaceous and 
Tei*tiaiy are widely 8epai*ated by physical conditions, havo been found 
characteristic of the former. He candidly allow», however, the evidence — 
which, though negative, muöt be acccpted as of Home iraportance — ^aflbrded 
by the non-appeanince of the Cretaceous Cephalopoda, even in those 
i^gions whei'e marine conditions have prevailed most extensively. A 
dispositiofi has been shown, to fortify the Cretaceous position of the beds, 
by using the change fi'om marine to fi'esh, or brackish-water conditions, 
as a line. It has been said, in discussing the age of the rocks of certain 
localities, that no marine Tei-tiary beds are known. They can evidently 
never be known if all marine beds discovered are affixed to the 
Cretaceous. The /wn-occurronce of Inoceram, and other such Cretaceous 
forms, in the base of the Tertiaiy of a i-egion in which the change took 
plac*e so gi-adually, would be a matter of sui*prise. Bdwaixl Forbes, and 
Sir Charles Lyell, have long ago pointed out the mingling of such types, 
and Bai'i'ande and others have shown it to occur extensively, without 
at all invaliduting the general tenor of the record. A certain form, may 
be characteristic of a formation in a given locality, but may not be 
capable of use as a touclistone, in another and widely separated one. 
Prof. Lesquereux has, m )reover, lately shown that the really authentic 
cases of the discovery of Cretaceous molluscs in the Lignite fonnation, are 
much fewer than had formerly been supposed.* 

459. To the evidence derived from the vertebrate remains, great 
weight, no doubt, attaches, as must always be the case with that from the 
highest forms of life of any period. The few relics of dinosaurians, and 
other reptiles of Cretaceous type, have i'eally affortled the initial point 
and strongest retreat, of the arguments for the Cretaceous age of the 
formation. If no other facta wei-e forthcoming, a palieontologist, would 
with every pmbability in favour of his Classification, place the beds con- 
taining these in the Cretaceous, doing so, as would alone be possible, from 
analogy with other regions. It can hardly be admitted, however, that 
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hy the discovery of thßse dinoBam-ian bopes amoDig them, it i» « copclu- 
aively prove^j" tbat the lower lignites wei-e deposited in the Cretaceoag. 
The fact of the ocouri'ence of these anima^ so high in the eeries, like 
that of the recurrence of plante and fl-esh-water moUuscs of typee eimi- 
lar to those of the earlier Ci^etaceous, depended no doubt, on the unin- 
teiTupted con^iinuance of land are^ with sinjilar climatic conditions. The 
changoö whieh oporatod in the comiiaratively rapid exclnsion of such 
Cretaceou9 Raltrwater molluacß as »tili lived, fi-om the area in questioi), 
must have tended to spread and perpetoate the teiTestiüal fauna and flora, 
and the fect of the extinctiop of the few i-emaining dmosamians, while 
the condition3 continned at least as favourable to theii* existence as in the 
proceding period^ shows that they belonged to a type, gi*adually suceumb- 
ing to that decay, which «eems to effect not only the indlvidual, but the 
species and the raee. This re^ult may perhap» have been acceleitited, a8 
Buggested by Prof. Cope, by an irruption of mammals froia mme other 
quarter. 

460. The Cretaceoun formation cannot be defincd as exactly co-exten- 
Bive with any one form of life, however great iU claBBificatoiy v^ue may 
be supposed to be ; and no cla^ification, of any natural objects or period^^ 
based on a aingle structureor law, has proved sulliciently facile to include 
the facte, when all were known. By the comparison of certain conditions 
now existing, and their accompanying forms of life, with those of the 
Cretaceons, we may in a similar way prove ite continuance to the present 
day. The vertebrate faona, when taken vm a whole, is not by any means 
an exclusively Gretaeeous one, but includea acconjing to Prof. Gope's 
comparative lists,* both in Ck>lorado and Dakota, some forms elsewhere 
supposed to be characteristioatly Tertiary. Of the vertebrate remains 
fbund in cQnneotion with the lowest beds of this sories on the forty-nintli 
parallel, Prof. Cope writes : — " This is a charactcristic coUection of the 
reptiles of the Ft.. Union öretapeau^f but with increascd admixture of 
Eocene forms. PlaHtomenus is an Eooene genus, but the reforence of thü 
new Hpeoies to it is not final. But you send two Eocene gar scales which 
have every appearance of belonging to the samo foimation. ^ill you 
re-examine your notes to inf<9rm me whßther thoy really belong to the 
same horizon as the others ?"t Tbe gar scales i*eferred by Prof. Cope to 
the genus Clastes, wei*e obtained at the y^ry base of the Lignite forma- 

• ü. S. Geol. Surv. Territ., 187S, p. 438. 
t Prof. Oopo r«f«ri the Gvsmi IUv«r aod Bridger b«ds. ovtflying the Ugnite fonaatioii, io the Boowe. 
Prof. Oope alio says of thia ooUectlon, iu a paper read becore the Acedemy of Xaiursl Sdenoes, Philadel- 
phia :— " Hie list of epecioe, ebort ae it ie, iadicatee the futiue dieoovwy of a eortipiete tiaaeitleii 
Cretaoeous to Bocene lue more clearly than any yet obtained in the Weet,** 
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tioD, and below the lowest lignite bed. They wei« not atray gpecimens, 
but were brought to light in digging out Horae of the tai*tle bones in 
tbe.Bad lAnds Houtb of Wood Mountain (on the horizon marked by an 
aatenHk. Plate VII. Fig. 2.) IHnosaurian bones occuiTed within a few 
feet of them. 

461. It shonld be reniembei*ed in discasging the age of these beds, that 
the foBsils of No. 5 have been compared with thone of the Maastricht, &c., 
of Enrope, the Ci'otaceous position of which has not at all times been 
undiHputed, and should any iHolatod patchös of higher heda than the 
Mffietricht and associated formations occur, showing even the etdct eon- 
tinuance of marine conditions ; it is to be doubted whether they wonld 
be roferred to the Cretaceous. Dr. Hayden thus wntes of the üfth divi- 
sion of the westem Ci*etaeeons : — " We would also remark that a few of 
the forma fonnd in our Fox Hill beda, pai*ticularly the Oasteropodaf 
preaent such cloae specific affinitiea to Tertiaiy shella, that we would 
have doubted the propriety of i*e&rring them to the Cretaceous epoch, 
were it not for the fact that we find them associated in the same bed 
with BacuUtes, ÄmmaniteSy Seaphites and other Cretaceoua genei*a and 
species.'' 

462. The general bearing of the evidence, in so far as it is now known, 
seems in fiivour of the Eocene TeHiary age of the westem Lignite forma- 
tion, though it may not be exactly synchronous with that of Europe ; and 
its base is very probably somewhat lower than that of the formation 
in its typical European localities. Taking into conaideration, however, the 
acceleration of the extinction of thoae pelagio forma, on which our defini- 
tions of the Cretaceous period are iargely baaed, by geographical change 
in the area in queation, there would seem to be no impropriety in allow- 
ing a great part of the strata to be called beds of trcmsition. I am alao of 
opinion, that ^rther and more complete inveatigation of theae rocka of 
diaputed age, inatead of indicating more preciaely any line between the 
Meaozoic and Cainozoic of the intenor region of North America, will 
tend to ahow the overlap of life forma of diffei-ent type to be more and 
more complete, and the aequence more perfectly uniform. It will also 
probably be found, over thia area, that the rocka of many diiferent localitiea, 
with more or leaa diatinct organic remaina, now conaidei'ed aa repreaenting 
the life of aeparated perioda in a linear auccesaion, may be found by the 
mingling of the fauna and flora in other localities, aa the area of study 



• Oeological Report TQlIowttone and Mlflwniri Expedition, p 28, 
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extends, to be more or less nearly contempoi-aneous. Yrom these very 
circumstanceR, the exploration of these beds acquires an additional 
importance, and may yet be fbund to throw much light not only on 
geological, bat on biological claBsification. ^ 

463. Tbe position of the Lignite-bearing formation as a whole, is in 
fact such, that even allowingthe classifactory iinportance of the included 
Ci*etaeeous forma, an observer begiuning his stuty of the beds on their 
easteru mai'gin, and pi*oceeüing wentward, an Dr. Hayden has done; 
would be completely jiLstified in placing the whole Beries, at least down 
to the top of Ci*etaeeou8 No. 5, in the Tertiary ; while a geologint familiär 
in the firet inHtance with the fossÜH of the underlying Gretaceous forma- 
tions, and following the Lignite ntrata eastward fi*om their appearance in 
the Boeky MountainH, would in all probability inclnde the whole series in 
the upwai*d extension of the Cretaceou», though doubts might begin to 
assail him before he reached the Upper, or most eastern beds. 

464. Should it be desirable, howe^^er, to di*aw a line in this region, it 
seems to me fi*om a cai-eful consideration of the facts which have come 
under my own Observation, and the evidence adduced from other local- 
ities ; that it can only be placed above the sandstones of No. 5. Above 
this zone the characteristic Cretaceous Cephalopoda ai*e foand rarely, if 
at all, and hei*e lies the only ph3^ical circumstanee which can be used 
in the delineation of the formations on a map. Fi'om its universality, 
and the prominent effect it sometimes has bn the surface of the coontty, 
it seems particularly well suited for the purpose. It has therefoi'e been 
adopted as representing the summitof the Cretaceous in the mapsaccom- 
pan3dng this Beport, and the beds overlying it have been referred to 
throughout as the Lignite Tertiary. 
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Glacial Phenomena and Superficial BepositSy Lake of th£ Woods, 

465. The general form of the lake hae already been noticed 
(§ 37). It consiBts of two ehief parts — Clear-water Lake to the north, 
and Sand-hill Lake to the south. The basin of the foimer may be Bald 
to be excavated entirely in rocks of so-called Huronian age. Sandy or 
gravelly beaches are exceptional, and, as a rule, the rock dips rapidly 
below the surface of the water, and shows wherever exposed, the i-ounded 
formB due to ice action. This northem part of the lake is also deep, and 
with regard to its form and extent, it may be considered to have i'emained 
exactly as it now is, since the glacial period. The Boathei*n and larger 
part of the lake, properly called Sand-hill Lake, washes bare Laurentian 
rocks along its northem edge, while the whole of its southeiTi and south- 
westem mai'gin, is formed of sand and detrital matter, and sweeps roand 
in large gently rounded bays, veiy different from the narrow, irregulär 
passages of the north. This southern part of the lake is also compai*a- 
tively shallow, and perpetually extending its border southwaixi and 
westwai*d, among the swamps, sand-hills and lagoons by which it is thei*e 
Burrounded, and spi*eading detritus thus obtained over its bed. The 
evidence of this is everywhere apparent along its southem margin, 
Khei^e tamarack swamps ai*e iii some places being so rapidly encroached 
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on, that the trees may be seen along the shore bending foi-wai^i at every 
angle and falling into the lake. Some partB of the shore, have in this 
way become suiTOunded by an almost impassable belt of tangled and 
watei'worn trunks and branches. The water of the southem part of the 
lake is turbid from the wash of the waves on the soft shores, and matter 
brought down by ßainy River ; giving rise to a formation of deposits of 
saod and clay now going on over the greater pai*t of its bed« Before 
the water in its slow passage north wai'd, throngh the nanx>w and 
complicated passages opposite the Noi'th-west Angle, gains the northero 
expansion ; it has parted with nearly all itö sedimcnt, and does not 
receive any from the rocky shores by which Clear- Water Lake is bounded. 
The depout forming here, as shown by soundings, is a fme slimy ooze, 
which is composed in great part of the shells of Diatoniace«) with spiculee 
(^Spongilla and organic matter. The lake is thus an intereeting example 
of contioaporaneous deposits of two entirely dissimilar kinds, taking 
place in different pai*ts of the same sheet of water. 

466. The deepest soimdings found in Clear- Water Lake, were at 
its extreme northern end, and near where the watei*s begin to collect 
themselves for their fall at Sat Portage, and show a considerable cnrrent 
in that direction. The following depths were obsei-ved at intervals from 
that place southwai*d to the North-west Angle Inlet, the somidings being 
taken generally in mid Channel between the Islands. The depths 
given in feet : — 



B«t Portage. 



84 

42 

26 

48 

,... 60 

Lacrosse Island ^ 54 

~ 44 



Ka-ka-ke-wabec 23 

32 

24 

55 

61 

Off Picture-rock Point 36 

32 

Kaüm-eek 60 



The bottom of the lake is generally flat, and deop water lies close off 
shore. 

46T. The outline of the lake follows very closely the changing 
character of the rock, spreading out where the schistose, and thinly cleav- 
able ^'ar^etiefl predominaie, and becoming naiTow and tortuous when the 
shores ai'e composed of compact dioritic rocks, greenstone conglo- 
merates, and gneiss. The laminated schist, and thin-bedded slates, offer 
little resistance to weathering. and even since the glacial period have 
been much broken down and shattered, in jnany parts of the lake, giving 
a peculiar character to the shore. The same rock, however, wouM, in its 
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present vertical poeition, oifer a much greater resistance to mechanical 
vialence } and before its layera had been widened by front and weather, 
would Support pressure and abrasion at right angles to it« original 
bedding, almost as well as tbe most solid rock. So far as it goes, 
then, the close connection of the bed of the lake witb the slaty rocks, 
wotrld tefid to show tbat it had been deeply outlined by sub-aerial weather- 
ing, before being sabjected to glacial actioD. All the haixier rocks of the 
region still show with the utmost perfection the Scratch ing and grooving 
of the glacial period, and some of tbe more compact granites and 
intmsive diorites, retain a surface still perfectly bnght and polished. 
Though the general dii-ection of the northern part of the lake closely 
follows that of the ice action, its form is probably due in the main to the 
strike of the rocks, which is parallel to its greatest diameter. Still, on a 
small Scale, even the haixlest and most homogeneous of the rocks show a 
tendency in the longest azis of their elevations, to parallelism with the 
glacial groovings. 

468. The following table, shows the directions of glacial strisd 
observed on the rocks in the various parts of the lake, the bearings being 
magnetic. ^ The directions connected by a bracket, were observed to 
occur together on the same rock siuface: — 



If. W, Angh Inlei. 

McKay Island. . . .8 48*W to S 50^ W 

BucketÄ Island 8 35° W 

N. Shore S39<»W 



Soulhward from N, W. Angle fnUt. 



Flag Island S40°W 

8 27*» W 

8 42? W 



M 



Southern PromonUortf, 

( 8 23°W 
S6(FW 

N. E. Point \ S2Ö°W 

S2(y>B 
l S56°W 
Cormorant rock 823°W 

//, öf Rainy River (Mainland,) 

8 120 W 

S30°W 



Windy Point S20«W 



Big$hy läland, 

Plaee. Dittction. 

South end of 8 27° W 

830°W 



Cl 



c« 



(< 
«« 



West aide of , 



^1 



<4 



8 10°W 

E &W 

S23°W 

. 8 87° W 

MiddU Island, 

East side of 8 6* W 

" •• S13°W 

North end of 8 Ö6° W 



North Island 



83(y>W 



North Shore Sand-hM Lake, DUtriäof 
Shebashca 

825°W 

S40°W 

S36°W 

8S4°W 

826° W 

S20°W 

8 25° W 



«Seepi 21 
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Place. Directum 

Northward from N. W, Angle to Hat 
Portage, 

S 30° W 

S 36° W 

TheSmall Promontory S 35° W 

8 33° W 

S23°W 

S 32° W 

S4(y* W 

830° W 

S33°W 

S 39° W 

8 42° W 

S53°W 

8 46° W 

8 48° W 

S 40° W 

838°W 

8 35° W 



PUm. JHrectio^ 

8 85° W 

842° W 

832°W 

S27°W 

S30P W 

840°W 

8 38° W 

820°W 

Lacrosse Island 8 27° W 

«• «« 8 40» W 

S35°W 

S3Ö0W 

S220W 

S 17«> W 

815*>W 

820*W 

R«t Portage 8 26° W 

Rat Portage PaU 8 13° W 

(Winnipeg side) 8 16° W 



469. It will be observed from the above table, and on reference to the 
map, that the direction of glaciation is very constantly from the north- 
east and north-noith-east, and only appeai*s to suifer occasional slight 
deflections when broiight in contact with massea of i^esistant rock run- 
ning athwart its couwe. In the vicinity of LacTOSbe Island, the grooves 
öhow more westing than they do north ward of that place to Eat Portage. 
Between Ka-ka-ke-wabec and Pietui*e-i'ock Point, a well-markcd weatward 
deflection takcH place, the ice appearing to have been crowded off the high 
rocky land to the i*outh. The pres8Ui*e exerted by the ice in this neighbour- 
hood, an it forced itn way among the rocky islands and Channels, has 
been exceptionally severe. South of this, the giXK>ving i*e8ume8 its nor- 
mal directiou, but at the mouth of the Angle Inlet again takes a markcd 
sweep westwani, toward the low-lying country in that direction, and 
away fVom the high ixxjky Islands. The ice, as it ha» passed down over 
the rocks forming the north shore of Sand-hill Lake, has left romai'kably 
uniform traces. Southwanl, among the Islands, the ice appears to have 
turned a little from the west. The south end of Bigsby Island, shows a 
convergcnce of directions, as though ice Coming fix>m the easteim and 
western divisions of the lake had met at an acute angle, and overridden it 
to fonn a junction. The glaciation here also is very severe 

470. At two places on the west shore of this Island, glaciation in the 
oitlinary direction, which gives form to the rock masses, was obsorved to 
be superinscribed with coarser scmtches, neai'ly east and ivest in dii'ec- 
tion. On a sniall area of granite and greenstone rock, fonning the N. E. 
point of the south eru promonotaryof the lake,a remarkable series ofstrisa 
exist. The most important direction, and that with which the form of 



II. N. A, tloUNIIAIIY 0OMM[HKtiiI 



Figui« 2- Pcrcbed blucks. (g 476 ) 




GLAOIAL FHENOMENA AND StTPSBFICtAL D£)>08IT8. 207 

the rock coincides, i» S. 23^ W.; supeiimpoHed on which, at one place, are 
scratchea S. 55** W., or N. 55° E. Near this a direction of S. 60° W., 
or N. 60° E. i8 »een, on which is superimpoHed süiation S. 25° W., a 
direction cloeely agreeing with the general one, and prabably indicating 
a brief resnmption of the original force afler a short interval. Another 
Burface ehowed Scratches S. 20° E., or N. 20° W. A part of this markiug 
may be accounted for by the packing of ice on the shoi'es of this open 
i'each of the lake, bat mach of it is not of this nature, and appears to 
indicate the combined action of glacier and floating ice in the lower part 
of the region, toward the close of the glacial epoch. 

471. On the eastem side of Flag Island, a small point composcd of 
hard homblendic rock, was observed to have its nearly perpendicular 
eastem front planed off perfectly smooth, and beautifuUy striated and 
polished, while its summit was only gently rounded, and showed com- 
paratively little evidence of glaciation, and its southera fi-ont remained 
rough; the whole evidencing a strong movement of propnlsion from 
the north, and intense local and lateral pressure. (Plate X., Fig. 3.) 
Not far south of this, on a snrface of granitoid gneiss, the ice action was 
seen tohave shaped and rounded previously existing aspenties of the 
rock without obliterating them. One instance was especially remark- 
able, a little hoUow in the rock, obliquely transverse to the general 
direction of the force, had originally a sloping northern and perpen- 
dicular south-western side. The ice had not touched the weathered 
surface of the former, while it had bevel]ed oif and polished the latter in 
the most perfect manner. Such phenomena as this, appear to show 
great preponderance of onward movement over downward pressure 
in the action of the ice. (Plate X., Fig. 1.) 

472. The passages by which the lake finds its way over the junction 
of the Laui*entian and green slate series to the Winnipeg River, do not 
depend on any evident confoinnation of the rocks. They cut aci*oss the 
hard ridge which marks the position of the fault bringing these foi*ma- 
tions together, nearly at right angles, and in a direction a few degrees 
west of north. They are probably due to some fault or crack structure 
traversfng the rocks with that bearing, a course which agi*ees almost 
eractly with that of the fVacture containing the large intrusive dionte of 
the south end of Lacrosse Island (§ 84), and may tend to prove some con- 
nection between it and the similar rock which appears near the line of 
junction at Eat Poi*tage. The gorge of the fall is certainly pre-glacial in 
date, and has probably ai-isen fi-om subaerial weathering along some such 
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Hne of weaknos». The glacial striie croHS ovei* it obliquely, at an angle of 
about 30° with it« directiop, and ilie icc has had wonJerfally little effeet 
on its shape^ having succeeded only in rounding off somewhat tlie exposed 
angleö of the oliö«. Nor has the river had much etfect on the it)ckB, for 
they still retain their roundoii aspect and hHow iee striation almoBt 
eveiywhei'e. 

473. The distribution of bouldera and travelled material in the Lake 
of the Woods rcgion, is worthy of some attc:ition. The whole southern 
part of Sand-hill Lake is characterized hy tho abundance of fragncrents of 
limcätone, in as»ociation with boaldera of rocks rcpresented in the north- 
ern part of this division of the lake, and in Cleai*-water Lake. Br. 
Bigbby in bis paper already referred to* gives reasons for belioving 
that a deposit of limeätono of Upper Silui*ian Age, overlaps the meta- 
morphic series in the southern pai*t of the lake, and though I have 
been nnable to confirm this idea by the discoveiy of any of the rock 
in sitUf there is considerable evidence tcnding to show that bis suppo- 
position may be correct. At Driftwood Point, five and thi'ee qnarter 
miles south of Flag Island, the gravol of the shore is largely compoeed of 
compact limestone in small fragnients. Yvoiu this place to Beed Rivw 
Bay, many large Lauren tian boulders stand on the shallows far out in the 
Lake, and much of the shore-gravel is of limostone. In the north-eastem 
angle of the Bay, in many places, about one half of the gravel of the shore 
appears to be of the samo liniestone. 

474. A mile nox'th of Beed Ei vor, a diy point projects from the 
general tamarack swamp of the shore, and consists almost entirely of 
boulders and gravel. The greater part of the matcrial is Laurentian, the 
bouldei's being of gi'anite, gneiss, micorschist, &c., precisely similar to that 
Seen to the north, and from the si^e of pebbles to six and eight feet long. 
Next in numcrical importance are'the limestone bouldei-s, None of theae 
are so large as some of the Laurentian, but this may arise only fix>m the 
fissile character of the rock, and the manner in which it is affected by 
frost, nearly all being angalar and chip-like fi*agments. The stone is 
hai*d and compact, more or less concretionary in aspect, often cherty, and 
giving fire under the hammer« Its colour is greyish-drab, to ci'eam-white, 
and yellowish or reddi«sh, on fresh fractui'e ; woathering to pure white. The 
weather also forms small reniform hollows in it, and in many specimens 
gives rise to a minutely pitted sti'ucture. Frem the limestones of this 
locality, and fragmcnts of the samo rock fbund wost of the Lake of the 

■ 

* Alfo in a paper on tho Emtics of Caiiada. Journ. Ctooli See., 1861. 
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Woods, a few fonsils were obtained. They are not in a veiy good State of 
preservation, but th« following genera are recognizable. StrapJumienaj 
PerUamerus, Leperditia, Favosites, Stroinatapara ; alno a few specimens 
of cjathophylloid eorals, and discs of encrinal columns. Mi*. Billiiigs, 
of the Geological Survey, who bas kindly examined thene fossil», 
pronounces tbem to be Upper Silui-ian forms, tbough not sufficiently 
distinct for specific determination. Dr. Bigsby gives tbc following liHt 
of fossÜH from the limestone, as determined for him by Mr. Salter. A 
small Phacops ; Orthoceras, Favosites Gothlandioa, CyatkopkyUum^ Murchi- 
sonia, Pentamerm Knightii, Leptcma, Avicula, Atrypc, Spirifer. He 
probably enjoyed a better opportunity for the examination of the rocks, 
from the low stage of the water at the time of bis visit, and speaks 
of manses ten to fifteen feet broad, and three deep, Avhich though 
craeked and fisnured, appeai* to him to bc fixed.^ 

475. Leant in numerical importance, at the point above refen>ed to, 
ai'e the boulders of Hiu*onian origin, ftx)m the region of Clear-Water 
Lake ; consisting of indarated slates, diontic and epidotie rocks, and 
coarse gi'eenstone-breccia of the kind already described, and with f)*ag- 
ments fi*om foui'to six inches in diameter. On the shore, in the wash of 
the waves, a fine yellow-white plastic clay is exposed, which may perhaps 
be the representative of the boulder-c^lay of the glacial period. It contains 
much ealcareous matter, effervesing »trongly with an actd. Somo of the 
boulders in this locality show ti*aeesof glaciation. 

476. A mile south of fieed Eiver, a second similar ])oint oecurs, 
where a ridge with an apparontly southern course, eomes out on the 
shor& It is covered with boulders in a similar way to the lawt, and they 
occui* in about the same i*elative pi-oportion. Off Buffalo point, which 
separates Beed Biver and Muskeg Bays, a good many large boulders 
stand up out of the water, and the shore is gravelly, and shows a con- 
siderable quantity of limestone debi-is. The nortb-east point of the 
southern pi-omontory of the lake, is heavily glaciated, and shows man}' 
boulders of Ijaurentian, some of them forming fine perched blocks. One 
of these, of red granite, and aetually lying in the grooveti it had made, was 
found to to be eleven feet long by seven feet high. (Plate X., Fig. 2.) 
For several miles south-east of this place, the boi-der of the lake is 
moderately high, and whonever exposed, shows whitish-yellow finely 
laminatüd clay, which contains many pebbles, osi)ecially of limestone, 
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and appears to be rather a former lacußtrine deponit, than the i-epresen- 
tative of the boulder-clay. It is liighly calcareous throughout, butdid 
not yield any tracea of organic remains even wben mici*08C0pically 
examined. The sand npit opposite the mouth of Kain}' River, ealled Oak 
Point, or Pointe da Chene, nhowH much limestone detritus in the form of 
gi*avol and sand. A few miles north of Bainy River, near Windy Point, 
several bouldora of limostone occur among otliere of erystalline rocks. 
They become honoycombed on weathering, in a manner somewhat 
different froni any beforo seen. On the southern shore of Bigsby Island 
many bouldei's occur. They ai*o mostly of Tjaurentian rocks, but some 
of the honeycombed limestone appeai', and ono was observed of a spccies 
of limestone breccia, with yellowish- white pebbles in a reddish paste. 
Near the northera end of this islaiid, a clay bank about ten feet hi^h 
forms the nhore for some distance, the clay being hai*d, wl cre 
unweathered, gi'ey in rolour, and having traces of stratification. It 
rertcmbles in Constitution the other dnys examined, ©ffeiTc^cing 
strongly with an acid; and holds smull bouldcrs, and gi*avel, some of 
the latter being of limostone. A Single lime«tone boulder was even as 
far north as the north end of this Island. The limestone-breccia boukler 
above dcscribed, coincides cxactly with a rock which Dr. Bigsby mentions 
as occurring on Rainy River not far from it« mouth (§ 47.) 

47T. It wottld thus appear, that a line drawn through Driftwood 
Point and running south-eastwaixl to near the position of Windy Point, 
would have to the south westof it aregion of abundant limestone debris j 
whijc though a cai*eful examination was niade to the noi-th — ^with tho 
exception of two or three bouldei'n near Bigsby Island — not a Single frag- 
ment of limestone was found. (See Maj) Lake of Woods). This line, 
furthermorc, runs in a direction almost exai'tiy at right angles to iho 
provalent one oi the glaciation. The distribution of the debris taken 
together with the direction of the glacial groovingH, and the known eourses 
of other eiraties, would seem to indicate the existence ofa limestone 
flooring to the southern part of the lake, which in this case must have 
ovcrlapped unconformably the older mctamorphic strata ; but may have 
beeil in great moasiu*o removed, beforö, and dui'ing the glaeial period. 
No outlyei*s of the limestone were however found, and I do not know of 
any unvisited locality in which such may yet be looked for, with the 
exception of Garden or Cornfield Island, which I was unable toi-each, and 
which lies low and flat as sccn fi-om a distance. 

478. Two other modes of accounting for the appeaitince and distri- 
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bution of the limcBtODe debris appear to offer. Icebergs, at some time 
dui'iug the glaciul period, muy have passed southward over the Laai*en- 
tian waterahed to the north-east, beai*ing with them fi'agments fi*om the 
limestone formations of Hudson's Bay. In this case, it would be neces- 
sary also to suppose a subsequent developement of glaciers on the 
watershed itself, sufficient to remove this older debris to the south, 
as indicatod by its positiou; and there is no sign of a heaping up of 
moraine matter, such as might be expected under these cii*cumstances. 
It is also possible, that at a eertain period of submergence of the region, 
ice may have floated eastwaixl, over what is now an expaiise of drift and 
detritus, and carned bloeks from the Ecd Biver and Winnipeg districts, 
where, though no beds of Upper Silurian age are yet known, rocks of 
the Lower Silurian and Devonian are found. This appears to be the 
raore probable supposition, »s other evidence seems also to point in the 
direction of a south-eastern dnft in this i*egion, toward the close of the 
glacial period. Whether, however, it be conceded or not, that the lime- 
stone fragments of the southern pai't of the lake, are derived ftx)m lime- 
stone immediately underlying, it is probable from the general contoui* of 
the region, that Silurian or Devonian i*oeks overlap the older foimations 
about this place. 

479. The boulders of the northern pai't of the lake, are exclusively 
derived from Laureutian and Hnronion i'ocks. They are generally aecu- 
mulated on the south sides of the Islands, which are apt to show bare 
rocky shores to the north. The same is true on a greater seale, with 
regard to theii' disti-ibution in the region genei*ally, the noiUiem shore 
of Sand-hill Lake, being much encumbered with bouldera. About thirty 
milos eastwaixl fix)m the North-west Angle, where the shor« is sheltered, 
occasional patches of an old terrace, ten' to fifteen feet above the 
present water-level of the lake, are seen both on the main shore, and on 
the southern ends of Islands.* It is composed of gravel and small 
boulders, and may probably be the littoral representative of the 
toiTaces of clay and iiner material occuiring in the south. A clay quite 
similai- to that seen in the southern pail of the lake, appeai*s underlying 
several feet of sand, in a deep ditch at the sido of the Winnipeg Eoad, a 
few miles fi-om the NorthrWost Angle, and not ü\r above the level of the 
lake. It is rather haitl, yellowish-grey in colour, thin-bedded, and mingled 
with veiy fine sand. The boulders and en-atic bloeks of Clear-water 
Lake, are also entiiely Laurentian and Hui'onian ; granite, gneiss, diorite, 
and greenstonc conglomerate being most abuudant. 



212 B. N. A. BOUNDAET COHMISStOfir. 

480. The boulders obKorved on the road from the North weet Angle 
to Winnipeg, were nearly all of tho uMual Laurentiaa materiaU. On the 
West side of the watershed, some bouldei*3 of limeBtone appear, and mach 
of the gravel seen in banks \s also of this material. It woold aeem that 
the edge of the limestone of the Bed River basin cannot faere be &t 
below the surface. 

Drift Plateau of Eastem Manitoba and Northern Minnesota. 

481. From the above description» of the superficial deposits of the 
Lake of the Woods, it will bc scon that those answering to the boulder 
clay, pro2)erl7 so called, compai'ativoly seldom appear, being covered for 
the most part by more modern accumulations, either those of a later period 
of the drift, or those produced by the lake itself, while standij^g at a 
higher level than at present. Soatliwai*d and westward, fit)m the Lake 
of the Woods, the countiy is studded with innumerable'small lakes and 
swamps, which have fbrmerlj' been more important, and the compar- 
atively modern deposits of which, cover the more ancient glaci^ debris. 
The northern part of Minnesota, and the counti*y immedlately west of 
Lake of the Woods, may be represented as a gi'eat bigh-level plateau of 
drift materials, banked up on the sloping spoi'S of the rocky Laurentian 
region to the north, and covering, often to a veiy great depth, its old 
iiTegularities. It may also be considered bi*oadly as forming the eastem 
representative of the socond praiiio steppe, aa it stände at abont the level 
which that plateau would have, .were its graduiü eastem slope continued 
thus far. 

482. The surface of this plateau, though frequently irregulär in 
detail, and covered with banks and vid^es of sand and gravel of tho 
nature of ^'Eames" and "Eskei*s,'* is, on the whole, remarkably uniform. 
A soction along the forty-ninth parallel, from the ridge bounding the 
alluvial Valley of the Red River to the east, to the ]Jake of the Woods — a 
distauce of 77 miles — ^shows slopes which are so extremely gentle, as to 
be almost imperceptible; the total general westwaixi fall of the surface in 
that distance, being only about 90 feet. An examination of the pix^file of 
the Northern Pacific Railway, from Duluth, to Morehead on the Bed 
Bivei', 160 miles further south,* show« the natui'e of the southem exten- 
sion of this plateau, which is here the birth-place of tiibutaries of the Red 
River, the Mississippi and the St. Lawrence. Ri^ing prettyrapidly from 



* See Fint Annual Bepon, Qeel. Surv. Hinn., 1S78. Prof. K. H. Windidl. 
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the ßhore of Lake Saperior, the summit of the plateau is reached, and 
the same level maintained, with an extreme Variation in altitude of not 
much more than 200 feet, for 250 miles westward, when a eompai*a- 
tively rapid descent is made to the Eed River Valley. As in the northern 
region of the plateau, the surface is covei'ed, to a great extent, with lake 
and swamp, but the railway euttings give occasional oppoi'tunities for the 
stndy of the iinderlying diift deposits. Near the westem edge of the 
plateau, at Thomson Junction ; green slaty roeks, apparently Hui-onian, 
project above the drift deposits, but beyond this point the underlying 
ix)cks are nowhere visible. The euttings, which are chiefly through 
banks more or less closely resembling eskera, show sandy and gravelly 
material, generaily stratified, and not so much of the näture of tili or 
boulder clay, as of beds resulting fVom its re-Ärrangeraent, in shallow, 
rapidly moving waters. 

483. A line drawn north-east and south-west, nearly parallel with 
the north-westem shore of Lake Superior, but lying a short distance back 
frora it, and cutting the Northern Pacific Railway some miles west of 
Thomson, in this part of Minnesota sepai*ates supei*ficial deposits of 
difFerent aspects. North-west of this line, the prevailing tint of the driffc 
material is pale yellowish-grey, or dmb ; south-east of it, reddish tints 
are almost universal, and becöme specially prominent on the northern 
part of the line of the Lake Superior and Mississippi Railway, and continue 
to St. Paul. The junction of these two varieties of drift, cannot of cotirse 
be exactly defined^ but is interesting as an indication of the dii*ection of 
ti-ansport of muterial in this region ; the reddish matter being derived 
from the red i-ocks of the lake shore.* 

484. The average height of the Plateau above the sea, on the line of 
the Northern Pacific Railway, may be estimated at about 1,350 feet. 
Where crossed by the forty-ninth parallel, it has a general altitude of 
rather under 1,000 feet, showing a decline northward. The highest part 
of the plateati appears, however, to liö about midway between the Lake 
of the Woods and the line of the -Northern Pacific, the elevation of the 
sources of the Mississippi being, qccording to Nicollet, at an altitude of 
1,680 feet. 



* The Junction of the red drift of Lake Superior with the llghter-coloured weetem material, of 
northern Minnesota, has, I find, been already noted by Whittlesey, in hls valuable memolr on the " Fresh 
water Glacial Drift of the North-westem States.'* (ISGi.) " In descendlng the St. Louis Riv^r, the ash- 
odoured drift clsyof the Embarras and Savannah rivers, assumes a more purple hue near the mouth of 
the Savannah.. The purple gradiiates into red, between this poin^ and the Knife Rapide, and beoomes 
entirely red on the Qrand PorUge. The red extends alons the shores of Lake Superior to St. Mary's 
add to Lake Huron. It Is found on all the tributaries of Lake Superior which flow into It from the south 
up to tbeir sooroes, and beyond the summit, on the tfttwa» ttiat nm southerfy into Lake Michi^^." p. 0. 
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485. The most inptruotive eoctiona of this great plateau were, 
howover, obHerved on the Boseau Biver, whieb rining a few milee west- 
waixl of the Lake of the Woods and appj'oximately following the forty- 
ninth parallel, though Hometimcs dipping to the soiith, finally flow» into 
the Bed Biver, north of the Line. From the eu8tei*n edge of the plateau 
where it fi'onts on the Bed Eiver Pmirie, for about twenty-five miles 
eastward, high cliff-like banks with go<xl sections, frequently overlook 
the stream. In their general chameter they all agi*ee more or less 
cloeely, and the sections often present features almost identical for long 
distances. The lowest beds are of very fine »and, and ai*enaeeou8 clay, 
ofben quite plastic. These generally show iiTegulai* and cuiTent bedding, 
and do not inolude large »tones or boukierg. Above these bed», and 
resting on their denuded edges, lie coaraer horizontal deposit» of ix>unded 
pebbleSy and small bouldern, ehiefly of white limeHtone, and apparentl}- 
indicating littoral conditions ; whicli as the country slopes gently west- 
ward, mu8t have passed over it in that direction, a^ the former great lake 
of the Bed Biver Valley gi'ew smaller. Above theHe gravel betl», yellowish, 
or white, clean, fine sand, several feet in thieknes», ia very generally 
fbund ; over which is a second pebble-bed, the fragnients generali^* of 
limestone, and smaller and better i*ounded than in the lower. On this 
resta the present soll, usually from one, to two, or thi*ee feet in 
tbickness, and colom*ed with vogetable matter. 

486. Some sections showed near the water's edge, elay beds fiUed 
with stones, which though not well expised, pn)bably reprenent the 
'l»oulder-clay proper. From it must be denved a ^eat jjart of the lai-ge 
boolders which so encumber the conrse of the »treum. The false-bedded 
sands, and associated clays, thus seem to intervene between the boulder 
day and the littoral lake deposits, and appear to indieate moderately deep 
water, with strong currents, but as a rule withoiit ice. Cai-eful search 
was made for organic remains, but with little suceess. Not a single 
Mollusc of any kind was discovered, but one section showed a con- 
siderable quantity of carbonaceous and peaty matter along the in^egiilar 
deposition planes of the sand, and alx>ut thi]*ty feet fix)m the top of the 
bank, a decayed ti'ee trank stood out. The wood is soft and enimbling, 
and stained yellow by oxide of iron, but fi-om its microscopic chai-acters 
appears to be a fragment of the ordinary cedar. {Thuja occidenfalis,) 

487. Figures 1 and 2 Plate XI, illustrate the nature of the drift and 
superficial deposits of the plateau in this i^egion. Section 1, is remarkable 
for the great thickness of the first gravel bed, and the large siaed 
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Figure 1, (S4S7.) 
(n), Suil. (i), Upi>ergr»vel. (r), SanJ. (i/j, Luwi-r (jrevel. (i-), f 
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bouldera imbedded in it. Seetion 2, is fi*om a point about twenty ;miles 
east of Bed River, and is a good typical one. The lower iri'egularly 
bedded öeries, was here composed of yellowish-grey, fine ai'enaeeous clay, 
so haiti as to form a pei*feetly perpendieular front ; and where it had been 
undermined by the water, it had fallen down and aetualiy separated into 
slab-ilke masses, along the planes of bedding, like a soft sandstone. 

488. About seven miles above Eoseau Lake, on the Bast Roseau 
Biver, a little seetion showing the former extension of the waters of the 
lake, and their gradual reoession, was observed. The lower layers aro of 
yellowish-white, fine, arenaeeous clay, like that forming in the beds of the 
present lakes. Above this, lay about a foot of laminated peaty matter, 
showing the swamp or ^^muskeg'* stage, and then about two feet of 
coai'ser arenaeeous clay, forming the present soil, and indicating the de- 
position of matter still going on from the occasional overflow of the nver, 
A similar series of events, is slowly taking place over the whole of this 
flixxled region of the drift plateau, as the streams draiuing the lakes cut 
down their beds ; and lakes and s^amps in every stage can be found. 

489. Forty miles northwaixl of the Eoseau River, whei*e ci-ossed by 
the read conneeting Winnipeg and the North-west Angle of the Lake of 
the Woods, the drift plateau appears to retain much the same struetui*e 
and altitude. It is, however, much less uniformly covered with swamps 
and lakes, the flooded region being confined more closely to the vicinity 
oftheaotual watei*shed. 

490. The «urface of the plateau, is very generally strewn with a 
pix)fusion of erraties, and some of them are of great size. They are 
chiefly derived from the Laui*entian and Huit>nian to the north, but 
there are also many of white limestone, with regard to the origin of 
which the i-emarks made in connection with the part of the disti'ict more 
impiediately surrounding the Lake of the Woods, will apply . 

General features of Glacial Phenomena East of the Red River. 

491. The roeks of the Lake of the Woods region, lying on the south- 
westem side of the great Laurentian watei*shed, follow in their eontour 
its general direction of slope. The l)are rocky hills foi-ming the northeiTi 
shore of Sand-hill Lake, seem seldom to exoeed 150 feet in height, and 
the average level of the country, as seen from the lake, jjrobably falls 
below 100 feet. The rocky substratum of the region, slopes away 
gi*adually towai*d the south-west, tili in the southern part of the lake, 
but one or two, low, rounded masses, rise ^t all above the level of the 
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water. It may thuB be sa&ly asBumed that the genoi*al fall of the Bnrfac« 
of the rock ; from the ooi-them to the noutheiii part of the rogion covered 
by thiR portion of the lake, is pretty nearly 100 feet. The distance by 
the direct course of the glacial striation ik about thirty miXes, and the 
resulting geneml slope of the coantiy woald be somewhat lesA than 3*5 
feet to the mile. The general height of the Laurentian watershed, where- 
ever it has been asoertained, is extremely uniform, and the nlope so gradual 
that it does not mei*it the designation of a monntain region, bat rather 
may be called a rocky plateau. The avcrage elevation above the aea, 
accoixling to Sir William Logan, may be eatimatted at 1,500 to 1,600 
feet.* where crosned by P)*of. Bell, between Lake Superior and Hndaou's 
Bay, it i» only 1,200 feet. The southern extension of the waterahed^ 
pasBing between Lake Superior and Lake of the Woods, is estimated l^ 
Palliser at 1,500 feet. North-east of the Lake of the Woods, the waten- 
shed ragion is but little known, but neai' Lac Seul, which ciosely corres- 
ponds with the dii'ection requii'ed by glaeiation, aocording to Mr. 
Selwyn's measorements it cannot be over 1,400 fbet. The summit of 
this great watershed, lies at ft*om 200 to 250 miles north-eastward of the 
lake, and the glaeiation is pretty neariy at right aogles to its general 
direction. Bstimating the maximum height of the watershed at 1,600, 
and the elevation of the lake at 1,000 feet, a general slope of about tfaree 
feet per mile results, and neariy coincides with that ascertained on a 
smaller scale in the Lake of the Woods district itself. 

492. This rate of descent is scarcely sufficient to aecount tbr the sponta- 
neou8descentofanoniinaryglacier,over acountry which Sir W.Logan has 
well chaitkcterized'as << mammillated," yet the surface is heavily mai'ked by 
glacier action, and the supposition of the existence of many local glaeiers, 
is negatived by the extreme uniformity of the striation. If ioebergs and 
floating ice, be called in to aecount fbr the ^ts, the difflculties appear 
even moi'o insuperable. To give i-ise to such heavy parallel marking, it 
would be necessary to suppose ice moving under the influence of a 
detenninate current, which must have cix)ssed the waterahed to the 
north-east. Icebergs having passed over this ridge, would in their 
subsequent course float gradually into deeper wator, acting on the rocks 
very feebly if at all ; tho more so, as in their southern joumey they 
would no doubt be continually decreasing in sire. Two suppositions 
only, remain ; either the glaeiation was accomplished by the irrosistable 
movement of a great polar ice^jap,— such as has been considered a neoes- 

* Qeolo^ of Oiuiada, p. 6, , 
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sary agent by some geologists— oi* the Laui-entian axis was occupied at 
one time by a great oonfluent giacier, pressed outward mainly by its own 
weight and mass, and directed only, by tbe pre-existing inclination. 
Havi ng met with no evidence of the former, I prefer to account for tbe 
facta on the latter hypothesis, whieh will receive more extended notice on 
a subeequent page. 

493. The general contoiir of the countay surrounding the Lake of 
the Woods, and its position with regard to the waterahed, and axis of 
Lanrentian elevation, soem to show that the direction of di*ainage has not 
always been as at present. The initial cause of the Lake of the 
Woods basin, has no doubt becn the occurrence of an area of softer 
Hiu\>nian ]*ocks, among the Laurentian; and the rocky sQi*fHc*e as 
already shown, sinks gradually but pereisten tly away to the southwaitl 
and westwaiti, and in that direction, soon becomes bnried under a 
vast accamnlation of drifb and alluvial de{x>sits. It is probable fW)m the 
confbrmation of the countiy, that were the drifb deposits now blocking up 
the Routhern part of the lake removed, its watera would flow southward, 
in confbrmit^*^ with its genei-al, primary inclination. The watershed 
between the lake and the Bed Eiver Valley, lies dose to the former, and 
has an average height of perhaps not over thirty feet, the summit being 
oecnpied by groat muskegs. Sections weve seen on the East Boseau River, 
not twenty miles west of the southern part of the lake, which showed 
nothing but sand and detrital matter, to far bolew the level of its waters. 
Supposing then the absence of this drift material, the small sti^eams now 
running into the northern part of the lake, would flow southward, along 
tbe belt of softer Huronian rocks, foinning a Valley; and toward the south- 
ern part of the region now occupied by the lake,' must have joined the 
larger stream of Bainy Biver, and then flowod south-westward through 
the northem part of Minnesota, toward the valley of the Bed Biver, 
which — ^as elsewhere stated, — ^may very probably at this time have passed 
southward into the representative of the Mississippi of to-day. 

494. During the glacial subsidence, the great deposits of sand and 
clay were formed, blocking up the entire southern part of the lake, and 
pi-oducing the low watei-shed to the west; thi-ough Clear-water Lake, as it 
iormed a bay in the Laurentian, and from its rocky and toi*tuous outline, 
may probably have escaped the action of the cuiTents bearing silt and 
debrin. On the emergence of the country, the waters of the Bainy 
Biver being dammed back from the south, would probably creep round 
the junction of the metamorphic rocks and drift deposits, to Clear-water 
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Lake, and finding the lowest pari of it« rim in the pre-existing notches 
acrosö the junction of formations at Rat Portage, would pass over, and 
pnrHue its way by the Winnepeg. River to Lake Winnepeg. This river 
does not follow a true river-valley, but falls rapidly westward through a 
series of rock-basins, which often He titinsverse to it« courBe; paesing 
down the slope of the Laurentian axis, and aceommodating it«elf to the 
HUifaee of a countrv previously shaped bj'other agency. The sabseqnent 
great spread of the Lake of the Woodn, southwai-d, must have been due 
chiefly to the action of the waves on the incoherent drift material, a pro- 
ces» which is still going fon^'tuxi rapidly. 

Drift depasits of the Second Prairie Plateau West of the Bed River, and 

of Turtle Mountain, 

495. In piYKJeeding westwaixi with an examination of the drift and 
superficial dej^sits, those of the Red River Valley would next claim 
attention. As, however, they l)elong to a later period, than those of the 
higher *region to the west, and repi*eHont a distinet phasse in the great 
series of physical changes which have passed pver the interior of the 
continent, it will be better to reserve them for snbsequent consideration. 
Begimiingat the Escarpement of Pembina Mountain, the westei-n shore 
of the former Cli-eat Lake of the Red River Valley — I shall describe thoBC 
sections of the later deposits which seem to be typical. 

496. The surface of the second prairie steppe, appears to be almost 
ever3n\'here thickly coveied with drift dep6sits, and the undulations and 
slight irregularities of its outline, are in the main due to the airangement 
of these surface materials, and though no doubt somewhat modified by 
sub-aerial waste, does not seem to have been much changed in this way. 
Over large areas, no system of coulees or stream valliea is to be foimd, and 
the generally undulated surface, must be due to original ineqoality of de- 
Position, denudation having acted only in removing a certain quantity of 
the material from the rounded hillocks, into the intervening gentle hollows. 
Such an aiTangement, implies not only the poi*ous nature of the subsoil, 
but is in accoi-d with the comparatively vciy Bmall rain-fall of the region, 
and would tend to show, that atno time since its emergence has the rain-fall 
been veiy great. The drift material is found generally to consist in gi'eat 
pai-t of local debris, derived from the inimediately underlying soft forma- 
tions, but this is always mixed with a considerable quantity of far-trans- 
ported matenal, which is generally most abundant in the upper layei*». 
Large eiTatics are in somelocalities very plentifully strewnovcr the piain, 
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but they too, seem to be essentially superficial. They ai'e generally 
of Laorentian rocks, but oflen of whitish, or yellowish limestone ; the 
latter in sorae places being very abundant. 

497. The eastern front of Pembina Escai-pment, is very distinctly 
teii'aced, and the summit of the plateau, even at its eastern edge, thickly 
eovered with drift. The first, or Iowest teri*ace, which is about one-thii*d 
fi*oni the pitürie level toward the top of the escarpment, is the best 
marked ; but in ditferent parts of the escarpment does not seem to pre- 
serve exaetly the same altitude. On the Boundary-line, its height above 
the general prairie level, was found to be about 90 feet, a second terrace 
260 feet, and that of tlie thii-d level, or summit of the plateau, about 360 
feet. *The sui'face of the first terrace, which is hei'e wide, is strewn with 
bouldera, as is also that of the second terrace and plateau above. 
Thei*e are chiefly of Lauren tian gneiss andgrauite, buta f ewsmaller ones 
of limestone occur. The banks of ravines cutting the top of the plateau, 
and draitiing westward into the Pembina Biver, show, in some places, 
a gi-eat thickness of light-coloured, yellowish, marly dinft, with few 
boulders embedded in it. 

498. South of the Pembina Eiver on the line of the trail fi'om St. 
Joseph *s toTotten, only one well marked teirace level, besides that of the 
summit of the escarpment, was found. Its height was about 270 feet 
above the Pembina Biver, the summit of the plateau being about 747 feet 
above the same datum.^ 

499. The Pembina Biver, where it lea^es Pembina Escarpment at St. 
Joseph*s, shows high banks of yellowish drift material. The pebbles in 
the river valley, derived from the drift, are veiy varied in aspect, 
including Laurentian, and other metamoi-phic rocks which may be 
Huronian ; also whitish limestone like that of Winnipeg, fragments of 
calcareous and gypseous nodules from the Cretaceous clays, and a Single 
specimen of silicifitd icoody similar to that found so abundantly in the dnft 
of ftonie localities much further west. 

500. On the west side of Pembina Biver — beyond the escai-pment, 
where its course is nearly north and south — many coul^es and banks 
show yellowish and light-grey arenaceous or marly drift, often i'esting 
directly on the clays of the Pembina Mountain group, and then always 
charged with half-i-ounded pebbles of the underlying rock. The river 
Valley, where crossed by the Commission Trail, is over a mile in width, 



* The meMuremenis of terraces here fflven must be oonsidered approxlmattons merely, the weatber 
being unaettled, and the readings from * sliigle small barometor. 
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aihI was found to be 300 feet deep. A teri*flce occnrs, which i8 specially 
promineot on the western bank, and has a wide tread. It is about 200 feet 
above the stream, and in some places is thickly strewn with bouldera. 
AUowing something fbr the fall of the river, it would thus neai-lj 
ooiTespond with the first teiTace met with on the St. Joseph *8 and Totten 
Trail. The existence of this terrace in the river Valley, is interenting, 
as showing that it must have formed a naiTow arm of the greatpost- 
glaoial lake of the Bed Etver Valley when near its highest, and is 
therefore probably of pre-glacial age. 

501. Westward, toward Long River, for many miles, wherever the 
sabsoil is tumed up by the burrowing of badgers, yellowish, marly drift 
appears, and holds many small pebhles of the Cretaceoas shales, which 
though sufficiently firm to bear shaping in water, rapidly split up, and 
become disintegrated when exposed to the air. 

502. In the Valley of Long River, a very interesting section was 
observed. (Plate XII., Fig. 2.) The bank in which it occnrs is abont 
thirty feet high, pei-pendicular above, and composed at the foot of the 
Pembina Mountain Cretaceous. The lowest portion of the drift^ is of 
stratified sands and gravels, very evidently Ailse-bedded. The pebbles 
are chiefiy fVom the underlying rock, but there are also a fbw of foreign 
origin, and the whole is arranged in a manner implying a very strong 
flow of cun*ents in different directions. About eleven feet ftt>m the 
top of the bank, the false-beilded layei*s end abmptly, being cut oiF by a 
horizontal plane. Above this the bedding is regulär, and the drift 
includes many, and some large, travelled boulders of Loui^entian and 
white limestone, together with much small Cretaceous material. Large 
bouldera ai'e also abundant protniding f\x>m the soll of the prairie 
above. The suiface of the Cretaceous, on which the drift is deposited, is 
not a smooth one, and there appears to be some evidence that the viüley 
of Long River was indicated before the period of the drifb. We have 
here, at least, a hollow ßlled at first under the influence of powerfnl 
currents in shallow water, and then, it would seem, adeepening of the 
sea to such an exten t, as to allow the passage of heavy, fai^travelled ice, 
which planed smooth the summ its of the cuiTent-ibrmed banks below, 
and brought larger fragments of foi'eign rock to add to the deposit. 

503. The largest boulder observed in this region was in the valley of 
Long River. It was of coarse gvey granite, and the portion projeoting 
from the ground measued about ten feet Square. 

504. Badger Creek, fourteen miles wost of Long River, cuts deeply 
into the surfaoe of the prairie, and exposes driffc, resembling that of 
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Long Biver, bat not so clearly. At one place 20 to 30 feet of drift foims a 
vertical cliif. Boulders are abundant in the bed of the stream, and 
appear to be chieflj Laurentian. 

&05. In Order to asGei*tain as fai* as possible, the origin of the foreign 
material of the drift, and the relative proportions of its various Consti- 
tuante, the foUowing method was adopted. An average collection of peb- 
blee, «taken at random from the gravel of any locality, wa» made ; stones 
»bove or below a certain size being rejected for convenience, and care 
being taken whei*e possible, to combine gatherings from two or three 
spote for each locality, and to make the collection a large one. The 
pebbles so obtained, were then carefVilIy enumerated, and divided litho- 
logically into gronps, which were refen*ed as far as possible to their 
formationB. From the numbera thus obtained, pereentage ratios have 
been calcalated. The compai*ative simplicity of the geologieal featores of 
the interior of the continent, the »imilarity of the lithological characters 
of the formations over great areas, and the absence of harder meta- 
morphic rocks in the strataof the plains; are specially favourable to such 
an investigation, and the resulte serve to show the general course of the 
di-ift in a region where rock surfaces capable of preserving glacial stiiaa 
are entirely absent. It was at iii*st intended, to enumerate the bouldera 
and'larger eiTatics in this way, bat the cnterion by smaller pebbles was 
found more freqaently applicable, and wherever comparison was possible, 
the result obtained from them appeared to agree closely with the pro- 
portional importance of the larger masses. In one i'espect, the infoima- 
tion to be derived from. the smaller constituente of the drift, i» more tröste 
worthy than fh>m the larger, as the limestone saffei^s rapidly fix)m ft'ost 
and weather« breaking down and ceasing to occupy a pi*ominent position 
among the boulders of haitier metamorphic rocks. Particular attention 
was, however, given to the larger eiratics also, and it is hoped that infor- 
mation deiived from different pai-ts of an east and west line, over 800 
miles in length, across the central portion of the continent, may not be 
unimportant. 

506. The first numerical examination was made on the Line about 
eighteen miles east of the present weetorn boundaiy of Manitoba, with 
the following result : — 

1. White lime^tone, of the ordinary kind. 48. IS 

2. Granitic and gneissic rocks, generally pinkiah 38.48 

8. Feln»r. 1.22 

4. PebBles, chiefiy or entirely of crystalline quarts 9.75 

6. YeUow chert 2.43 

6. Dark colonred, hard, metamorphic rocka. . • 4.87 

7. Soft reddiflh decompoeed rock 1.22 

ä. Grey rock; probably fragments of CretaceooB nodales. .. 1.22 
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Also many Bplinters of Pembina Mountain shale, being fi*agment6 of 
disintegrated pebbles. 

507. The limestone resiembleH that of Fort Garn', of Lower Silarian 
age, but is also indistinguishable from the Devonian iimestone occnrring 
north of that place, and from the Upper Silarian debris already mentioned 
as appearing in the vicinity of the Lake of the Woods. The fragments 
included ander No. 2, are no doubt Laurentian. Nos. 3 and 4 are also pro- 
bably Laarentian. No. 5, derived irom the limestones. No. 6 probably 
Huronian. Nos. *J and 8 are local. The grent qaantity of limestone here 
present is remarkable, bat will be foand to be characteristic of many 
other localities. 

508. In thin vicinity, and westward toward Tartle Moantain, the un- 
dulations of the prairie become more striking and apparent, and often 
form rather steep-sided little hilis. These are also freqaently grouped 
together in miniature ranges, or form more or less definite lines across 
the piain. The whole of these surface features, so far as coald be ascer- 
tained, ai*e dae to the arrangemeat of the di*ifb deposits. It is also ob- 
seiTable, that wherever the gi*oand rises slightly to form elevations of the 
kind mentioned, basin-like swamps, and small ponds, are almost certain 
to be foand. They do not therefore, as a rale, occoi* on the lowest parts 
of the praine sarface, but rather the reverse. It is also a curlous fkct, 
that the hill-tops and swamps should be often equally chai'acterised by 
the abundance of bouldera, while the intermediate slopes, and the geueral 
surface of the prairie, are almost fi*ee from them. A similar Observation 
has also, I find, been made by Prof. Bell in a part of the sooond prairie 
steppe, considerably further north. As already mentioned, sub-aerial 
denudation has taken place to a very slight exteut, and the association of 
these featu]*es, would appear to indicate slight erosion by currents, 
while submergence was still complete. These might easily scoop out 
hollows in some places, leaving the boulders and heavier masses ; and at 
tlie same time be removing the finer debris from the exposed surfaces of 
hillocks. 

509. An examination of the constituents of the drifb about ten miles 
east of Tartle Mountain, and seveu north of the Line, gave the following 
result : — 

1. White limestone 46.63 

2. Granitic and gneissic rocks 27. 18 

3. Dark, grey and greenish, compact or Bchistose altered rocks 16.50 

4. Quartz and quartiite 6.80 

6. Ciystalline diorite 1.94 

6. Rädish decomposed rock 0.97 

7. Fragments of nodales (probably Cretaceous) 0.97 
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510. The drift here closely resembles that of the last locality, dilfer- 
ing chiefly in the eomparative abandance of dark coloured metamorphic 
rocks, which ai'e pi*obably Hui-onian. Among the fragments of crystal- 
line quai*tz, were some of quarzite, of which special reekoning was not 
kept. They may, from their appearance, have been either Laurentian or 
Huronian, or even derived from the Eocky Mountains, as aflerwards as- 
certainod. Some of the haixi greeuish altered specimens, may also have 
come frdha the latter souixje. 

511. Tui'tle Mountain, so oalled, will be descnbed more fully in a 
subsequent page, but should also be mentioned in connection with the 
di'ifl deposits. It is a broken, hilly, wooded region, with an area 
of perhai» about twenty miles square, and slopes gi*adually upwaixi 
from the piain aix)und it, abovo which it is elevated, at its highest 
points, about 500 feet. It appeai*s to be the culmination westwai'd 
of the hilly drift region previoualy deöcribed, and forms a pi-ominent 
object when viewed across the eastern pi'airie, fröm the conti'asting 
Hombre tint of the foliage of its woods. From the west it can be 
Seen fi-om a di»tancc of foi-ty-five miles, and when thus viewed, has 
really much the general outline of a turtle shell. It is bisected by 

the forty-ninth parallel. 

512. Captain Palliser's expedition followed the Boundaiy-line thus 
far west before turning noi-thwaixi, and Dr. Hector, from a general 
examination of the mountain, considered it to be composed of di'ift. I 
have had the opportunity of examining not only the outskirte of this 
region, but of penetrating completely across it in the direction of the 
Line, and my ob«ervations tend to confirm those of Dr. Hector. The 
existence of a bed of limestone in the Channel of one of the brooks in the 
intenor of the mountain, was reported to me, but after having made a 
special U-ip, occupying three days, for the purpose of visiting the spot, it 
was found to be ;nerely a large boulder of i-ock, much resembling the 
Lower Silm-ian limestone of Grarry, which had been lodged in an inclined 
Position among many othera of granite and gneiss, and was breaking up 
under the weather. Nearly all the abrupt slopes and ridges— of which 
there are many— show bouldei-s in abimdance, and these appear to be 
chiefly of Laui-entian rocks. The nhores of some of the numerous lakes 
are largely composed of white limestone with Laui-entian fi-agments, and 
some greyish and greenish Huronian-like rocks. The westem is more 
abruptly hilly than the eantera side, and the more prominent ridges have 
a general northerly and southerly direction, with intervening vallies 
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chai*acterized by swamps and laken. Large areas of compaititively level, 
br only gently undulated grouiul, ai«e however found in »ome places. The 
i^arface of the " moantain" appearn to be that of the diift, a» deposlted, 
and has been bat iittie modified by Hubeequent snb-aerial action. The lakes 
ie in baein-like hollowo, and notmthstanding their great number, drain- 
age vallies and stream-ooursee are few and unimportant. A considerable 
quantity of finer material, however^ seems to have been renioved from 
the hüls and ndges, and i*e-dep08ited in the hollows, cau^ing the former 
to be «tony and gravelly. 

513. In many respect» the structure of Turtle Mountain closely 
resembleö that of the Coteau, elsewhcre de^cribed, and from its altitude it 
iö entitled to rank as an outlyer of the thii-d nteppe. Similar hüls, more 
or less well marked, and composed of dnft materialn, appear also to 
occui» in other partH of the second prairie steppe. These, with Turtle 
Mountain, form a line east of the escaiT^ment of the thiiti steppe, but 
nearly pai*allel with it, ineluding ft'om south to noi*th : — ^TuHle Mountain, 
Moose Mountain, Wolf Hills, File Hills, Little Touchwood Hills, and Touch- 
wood Hills. These elevations do not appear to be connected with anything 
like a continuous e8cai*pment, at least thei*e is no such connection north- 
west of Turtle Mountain ; nor can their airangement be shown to be due to 
any featui'e of the underlying rocks. They lie, however, nearly on a line of 
equal altitude on the eastwai-d slope of the plains, and show a rough 
cori*e8pondonce to the main gaps in the high land, connected with the 
escai*pment of the second step2)e, to the east.^ Putting aside the 
hypothesis of a nucleus of limestone, or other solid i*ock, for which Üiere 
appeara to be no support, these elevations would seem to have been 
fonned by the tendency of icebergs beai*ing debris to congregato in 
ceii^in positions under the influonce of cun*ents. A shoal once prodaced 
in this, or any other way, would tend to increase rapidly when the water 
became sufficiently ehallow for the ice to gi*ound on it^and its extent and 
dimensions woidd only be limited by the length of time during whicfa 
sui table conditions pi'evailed, and the erosive power of the currenta paa»- 
ing over it. 

514. A cai*eful examination of the pebbles of the drift., on the prairie 
east of the first crossing of the Line and Souris Eivor, 170 miles west of 
Eed River, gave the following ratlos : — 



*For ft description of Moose MotinUin. see Exploration of British North Amarieft, p. 49. For Üw 
ToOQhwood HiUf« B«port of Prugr«M G«ol. Sunr. CuiwU, 1873^4, p. 28. 
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1. Whitiah Umestone 62-41 

2. Granitic and gneiBsic rocks 18*78 

3. HatcL, green, and greenish^black rocks, homUendic and epi- 

dotic, Bomeümes schistoae 7 '38 

4. Dark ereenish rock, evidently fragmental 2*68 

5. CrystiOliue quartz 268 

6. Quartzite and hard jasper-like rock 2'34 

7. Fiaginents of fermginouB ooncretiona 100 

8. Mica Bchiflt 0-67 

9. Black homblende rock 0*67 

1(X Hard, coane-grained, li^t-coloured quartzite 0*67 

11. Gneiss, with gameta. 0*33 

12. ÜzystaUine diorite 0*33 

515. With rogai-d to derivation, Nos. 2, 5, 8, 9 and 11, are almost cer- 
tainly Laurentian. Nos. 3 and 4 ai*e Huronian. No. 7, Cretaceous or Lignite 
Tertiary ; and No. 12 indeterminate. Nos. 6 and 10 are the firat undoubted 
examples of a species of drift which furthor westward becoraes increas- 
ingly prominent, and which I have called, for distinetion, Quartzite drift. 
Afler having been observed in numerous places dui-ing the seasons of 18Y3 . 
and 1874, this drift was finally traeed to the Rocky Mountains, as its pro- 
bable place of origin. It is of course possible, that some sti*ay pebbles 
indistinguishable from the true Quartzite drift, but Coming fix)m the east 
or north-east may occur ; or that some fragments from the Rocky Moun- 
tains may be indistinguishable from those of the Huronian, and included 
with them here ; but I think, in the main, the conclusions as to origin 
may be relied on. From this point onward to the flanks of the mountains 
the Quartzite drift will be found to occur more abundantly in the travelled 
debris. 

516. Between the first and second crossings of the Souris River, and 
near the Antler Creeks, no soctions of the prairie sub-soil are found. 
Boulders, however, are very numei'ous in some places, and are as usual 
mostly Laurentian, though there are some of limestonc, and also a few of 
hard metamoi'phic blackish and greenish rocks like Huronian. Occasional 
boulders of pale pink sandstone, with darkcr colourod sti*atification planes, 
and also biocks of <;ompact, rathor coarse-grained, whitish sandstone, wero 
also for the first time secn here. They belong to the Quartzite drifb series 
and exactly resemble some rocks of the mountains near the forty-ninth 
parallel. 

517. Near the 192 milo jjoint, the superficial drift was found to be 
composed as follows : — 

1. White limestone 51*63 

2. Granitic and gneissic rocks, greyish and pinkish 2977 

3. Greyish, hard, altered rock, resembling quartzite 6-54 

4. Quartzites and hard altered rocks 4*00 

5. Orystalline qnartz. 3-63 

15 D 
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6. Hornblende Bchist 1 '86 

7. Yellowiah quartzite 1'45 

8. Diorite 075 

9. Ironstone 0'36 

518. The limestone is probably :iltogether fi*om the Eecl River region 
or noi'thward. Nos. 3 and 4 cannot be very deiinitely placed either in 
the Huronian or Quartzite dnft, while No. 7 almost certainly belongs to 
the latter. The intixKluction of the raaterial included under No. 3, In 
such large quantit}"^ i» rather anomalous. No8. 2, 6, and probably also 
moöt of No. 5, are Laurentian. '"' 

519. The praine 80uth of tho Mouth bank of the Souris Eiver — ^whic h 
beyond tho Second Crossing runs nearly pai-allel with the Line for about 
thirty miles — is for a bremlth of several miles, strewn with an immense 
numbcr of bouldei*s. These are generally half buried in the »oil, and :ii 
öome places over extensive areas they are almost in contact They cnn- 
sist mainlj-of Laurentijui rocks, but there are also a good many of lime- 
stone, and some of the haitier parts of the local Tertiary s mdstones. 
Some are of large size, though most are not over a foot or two in diame- 
ter. They do not appear to be airanged in groups, but are 6cattei*ed very 
uniformly every where. The north bank of the river as far ae I examined 
it, is characterized in the same way ; and Cai)t. Palliser who crossed the 
ebuntry beyond it on bis way to the Eoche Perc^e, writes : — " As we ap- 
proached this river, the ground was so covered with boulders that oiir 
cart could barely get along."* The region thus evidently strewn with 
erratics, seems to be that which slopes gently towanl the edge of the 
steep bank of the river. The bouldera are by no meai^s so fi-equent on 
the general surface of the prairie in this locality, and they would there 
secm to be covered with a finer superficial d^^iosit, which has boeu 
removed where denudation has taken place. The layer eontaining the 
Iwulders, however, cannot be a thick one, as where waste has penetrated 
to a much greater dei)th, in the small Valleys tributary to the Souris, the 
covering of bouldere is not sensibly increased. 

620. Near Wood End, 260 miles west of Red River, some good sec- 
tions of the drift occur on the Souris. The surfa^'e of the prairie here 
rises to form a rather well marked j)lateau, but of small elevation, which 
may be considered as being the first ascent toward the elevated region 
of the Missouii Coteau. The underlying rocks are here of Lignite Ter- 
tiary age, and as when resting on the Ci'etaceous, the drifl repoeing on 
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them is found to be very largely composed of their soft debris. At one 
place about three miles west of the fonner position of Wood End Depot, 
a sciirped bank of the stream, about fifly feet in height, is seon to be on- 
tiroly composed of drifb; which is a yellowish sandy and gravolly deposit, 
hard enough to stand in pei*pendicular-faced banks, and in a general way 
mach resembling that already described at Long Eiver and elsewherc. 
The boulders are of Laurentian and Limestone, with a good many belong- 
ing to the Quartzite drifl, and fragment« of local sandstones. Many of the 
boalders and pebbles are polished flat, on one or more faces, and scorod 
with glacial markings. Agates and fragments of silicified wooil, thoiigh 
not actaally observed imbedded in it, miist also oceur in the drift of this 
vicinity, as they are not unfreqiicntly found in pcbble beds formed frora 
its re-arrangement. The agates weix) here found more abundantly than 
elsewhere, but were not in any locality obsei-ved in the pai*ent rock, 
thoogh they no doubt occur in some of the TeHiaiy or Crctaceous beds 
of the region. They do not usually show conspicuous banding, but are 
semi-transpai*ent and of a pale yellow colour. 

Margin and Eastem Region of the Third Prairie Plateau to Wood 

Mountain. 

521. The localities so far described, may be considered as belonging 
to the second prairie steppe, and illustrating the naturc of the drift of 
that level. West ward fi'om this point, the country though belonging in 
the main to the thii-d or highest prairie level, is much more diversified, 
and to underetand the aiTangement of the deposits of the glacial period, 
it is necessary to bear in mind its general contour, of which an outline 
has already been given in treating of the watei^shed which runs through 
it to the Eocky Mountains ^§ 9 et seq.) 

522. One hundred and twenty miles west of Turtle Mountain, the 
second prairie plateau comes to an end against the foot of the gi'eat belt 
of drift deposits, known as the Missoun Coteau. Beyond this point, 
three divei-se zones of countiy cross the forty-ninth parallel in the onler 
subjoined. 

1. Tumultuously hilly countiy based on agreat tliickness of drift, and 

forming the Coteau de Missouri^ properly so called. 

2. Fiat topped Watershed Plateau^ formed of rocks of the Lignite 

Tertiaiy, and constituting a pai-t of the First Transveree Watershod 
already described. 

3. Lower broken down regioh south of the Plateau, partly based on the 
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Lignite Tertiary, and characterized by gorges and large vallieB 
dmining toward the MiBsour:. 

The second region can, perhr.ps, Hcaroely be Bald to ci*088 tbe Line, bat 
appears immodiately north of it. On tho Line and Bouthward) tbe streainft 
flowing to the Missouri, rise near the southern edge of the first division, 
the greater part of the plateau having succumbed to denuding agencies. 

523. The Missouri Coteau is one of the most important features of tbe 
Western Plains, and is certainly the most remarkable monument of tbe 
glaeial period now existing thcrc. Thoogh frequently mentioned in 
westem i*eports, I cannot leam that itü) sti*uctui*e has yet been care- 
fully studied. I have had the opportunity of examining more or leu 
closely, that portion of it which erosses tbe forty-ninth parallel, for a 
length of over 100 miles. 

524. Where cut somewhat obliquely by this parallel, the Coteaa may 
be said to extend from the 290, to tbe 335 mile point, a distance of forty- 
five miles. At right angles to its general course, however, its extreora 
width at this point cannot be more than about thiiiy miles. On ap- 
proaching it from the east, on the trail fiforn Wood End, which as already 
stated, is somewhat moi*e elevated than the prairie lying east of it, a 
gradual ascent is made, tili the edge of the Coteau is reached ; amounting 
in a distance of twenty-fire miles, to about 150 feet. Tho coontry at tbe 
same time becomes more distinctly undulating — ^as on approaching Tortle 
Mountain from the east — ^till almost befoi*e one is aware of the cbange, 
the road is winding among a confusion of abruptly rounded, and tumul- 
tuous hilis, which consist entirely of drifl material, and in many cases 
soem to be formed almost altogether of bonlders and grarel, the finer 
matter having been to a great extent wa^hed down into the holIowB. 
Where it appears, however, it is not unlike that of the drift of the lower 
pi*airies, being yellowish and sandy. Among the hüls are baain-like 
vallies, round, or in*egular in form, and without outlet ; which are some- 
times dry but genorally hold swamps or small lakes, which have fi*eqüently 
been fiUed in with material washed from the bills so as to become flatr 
bottomod. The bills and vallies have in general no very determinate 
direction, but a slight tendency to arrangement in north and sonth lines 
was observable in some parts of this region. The bills culminate on the 
Line about the 305 mile point, and westward fram this place, tfaey are 
neither so steep nor so stoney. The countiy gradually subeides from its 
rough and bi'oken character, to that of rather boldly undulating prairie, 
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without however falling mnch in general elevation below the tops of tbe 
bolder hills further east. We have in fact passed up over the margin of 
the third great prairie steppe. 

525. The whole of the Coteau belt is characterized by the abeence of 
drainage Valleys, and in consequence, its pools and lakes are veiy often 
charged with salts, of which those most abundantly repi-esented are 
Bodic and magnesic sulphates. The saline lakes very generally dry np 
oompletely toward the end of the sammer, and present wide expanses 
of white efflorescent crystals, which conti*a8t in eolour with the orimson 
SdUcomea^ with which. they are often fringed. The crystalline crust gen* 
erally rests on a thick Stratum of soft black mud. 

526. The boalders» and gravel of the Coteau were hei*e observed to 
be chiefly of Laorentian origin, with however a good deal of the nsual 
white limestone, and a slight admizture of Quartzite diifL On the westem 
mai'gin, some rather large disused stream vallies were seen, holding chains 
of saline lakes ; but their relation to the drift matenals of the Coteau 
were not so clearly shown as in other localities further north, to be 
described. 

527. In passing westward, from the last exposures of the Tertiary 
rocks near Wood End, to the locality of their fii'st appearance within the 
Coteau, a distance of about 70 miles; we rise about 600 feet,and attain an 
elevation of about 2,500 feet above the sea. The slope of the surface of 
the Lignite Tertiary then, assuring it to be uniform, is a little less than 
one hundred feet per mile ; and on and against this gently inclined plane, 
the immense drift deposits of the Coteau hüls are piled. 

528. The general structure of the Coteau on the forty-ninth parallel, 
is illustrated in figure 1, Plate IUI. It agrees well with the eection given 
by Dr. Hector, of the bor ler of the Coteau, on the Elbow of the South 
Saskatchewan.* but it is interesting to observe that, in that locality, the 
underlying slope is composed of Cretaceous strata ; showing that the 
Coteau is not connected with any particular formation, but forms a border 
round the north-eastem edge of a gentle elevation, in which both Creta- 
ceous and Tertiary rocks are involved, and which determines the water- 

shed. 

529. Passing westward for about seventy miles, it is found to preserve 
muoh the same appearance. The prairie of the Coteau foot, is rather 

undulating, and slightly raised above the general level, but the edge of 

■ ■ 

* Exploration of british North America, p. SI7, 
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the hilly coimtry of the Coteau itself, i.s always from a distanoe well 
defined. To the north ward and eastward, boundloßs, level, ti-eelees plains 
Stretch to the horizon. The Ti-aders' Eoad to Wood Mountain, after pass- 
ing along the base of the Coteau, for the distanee above indicated, turns 
"^efltwaixl, and eronses it, taking advantage of -a deep bay in its edge, in 
which also rises a main tributary of the Souris Eiver. The i-oa^ 
thon passes for about fifby miles through the Coteau belt, which must 
here be about thirty mile« wide, and repeats almost exactly the physical 
features ali'eady doMcribed, though in this particular locality neither quite 
so tumultuous nor so stoney as on the Line. 

530. Following the Tradei*«' Eoad westwaixl, for about twenty-five 
miles, towaixi Wood Mountain, it passes for the most part between the 
southern edge of the Coteau propei*, and the northera margin of the Ter- 
tiary plateau. Wherever, from any hill, a view over the Coteau to the 
noiih can be obtained, it is seen to stretch awav to the hoiizon in a 
suceession of wave-iike mounds and ridges, whieh do not differ much in 
average altitude. 

531. The intervening region, followed by the road on account of its 
facility, has characters of its own. Wide and deep vallies, often flat-bot- 
tomed, with Systems of tributary coul&a, ai'e foand eveiywhere cut in the 
soft rocks of the foot of the Tertiary plateau. Some have small sti^eams 
still flowing in them, fed by the di'ainage of the plateau ; but for the mo6t 
part these old vallies are dry or occupied by chains of small saline lakee, 
the watere of many of which disappear e:irly in the summer. The lakes 
usually have the long river-Hke fonns of the vallies which contain them, 
and receive the watei-s of the bix)oks which still flow. One of the most 
important, probablynine miles in length, forms the drainage-basin for the 
sti'eams of Wood Mountain ; its sides are abinipt, and the water appears 
to be deep. These old vallies ai'e evidently of pre-giacial age, and have 
formed a part of the original sculpture of the country. The heaping up 
of the great drifb doposits of the' Coteau along the foot of the Tertiary 
plateau, has blocked them up, and prevented the drainage finding its way 
north wani as bofore. Since the elevation sucoeeding the glaeial snbsi* 
dence, the itiinfall of the district has never been sufficiently great in 
Proportion to the evaporation, to onable the streams to cut through the 
barrier thus formed. The existence of these vallies, and the aiTange- 
ment of the drift deposits in this region, have important bearings on 
several problems connected with its general histoiy, which will be again 
refen^ed to. 
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Figure 2. Plate XIII. illußti-ates diagramatieally the stiiicture of the 
Coteau, &c,j in localities north-east of Wood Mountain. 

532. The Coteau itself, and the degraded noHhein edge of the Lignite 
plateau ai'e eqnally characterized by the abundance of Lauren tian and 
Limestone fraginents, the drift being in fact chiefly composed of northern 
travelled matter. On aseending towai'd the summit of the plateau, 
however, the dnft rapidly changes it« character, the rocks previously 
abundant becoming comparatively scarce ; and on reaehing its upper 
sni'faee, it is found to be but seantily covered with drift deposits of any 
kind, and the material of these to belong to the Quartzite drift with 
but a very sliglit intormixtui'e of Laui'entian. South of the Tei-tiary 
plateau, and where it is broken down towaixi the tributai'ies of the 
Missouii, the country still remains but thinly covered with d!'ifb. 
Fragments of Laui*entian origin and Limestone are rare, and quartzite 
abucdant. 

533. The Quartzite drift, where typically developed, differs not only 
in its compoäitioii, but in its appearance and mode of deposition, from 
that of north-eat^tern origin. The fragments composing it, while of very 
resistent rocks, iu*e not of great size, and rarely show any evident mai'ks 
ofglacial polishing or scratching. They are i*ounded and smooth, like 
beach pebbles, or shingle, and appear to have been for a long time subject 
to the aetion of the waves. vThey do not generally form thick depoöits 
or banks, but are pretty unifoimly spread, and ofiten form a bed only a foot 
or eighteen inches in thlckness, with little admixture of clayey matter, 
which rests on the erodod sm*faee of the Lignite Tertiary beds, and in- 
tei*venes between them and the soil. Sectious in Porcupine, and 
Pyramid Creeks, and in the Great Vallley, all showed a capping of this 
matenal, and the mode of its occurrence may be seen in somo of those 
represented. The quartzites and similar rocks forming this drift, which 
are here classed together, are often very varied in appearance, though all 
agreeing in the preponderence of fragmental silica. In colour, the pre- 
vailing tints are yellowish and brownish, sometimes verging on red. In 
texture, i*ocks may be found from those of a compact jaspery appearance, 
to others in which the gmins of sand ai*e coarse, and still plainly 
distinguishable from each other. Fragments of silicified wood also 
occui'. 
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Margin and Eastem Region of the Third Prairie Plateau to Wood 

Mountain Ccantinued,) 

534. Following in tho deRcription of the drift depoRitfl) aa nearlj as 
possible, the order pui*8ued in systeraatically describing the older forma- 
tions, it will next be nccessary to consider the region westward of Wood 
Mountain, and between it and White Mud River. The three belts of 
country already defined, are here not so distinctly marked, as the watershed 
plateau turns north-westward, and does not maintain its elevation so 
uniformly as before. The third region, or that sheltered by the plateau, 
consequently shows a somewhat greater admixture of foreign matter, 
though the preponderance of the Quartzite drift is still remarkable, and 
the size of some of its component fragments is greater than in any 
locality previonsly observed. After passing the 425 mile point, it rests 
upon the surface of the clay-shales of No. 4 of tho Cretaceous formation. 
The aveitige elevation of the region above the sea is about 3,000 feet. 

535. A numerical cxamination of the pebbles of the drift, near the 450 
mile point, gave the following ratios for its constituents : — 

1 . Quartzite drift, brownish, yellowish, purplish, and dark grey, 

and varying in texture as already described 40*66 

2. Granitic and gneissic rocks 25*83 

4. White limestone 19*95 



# 
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5. Fragments of ironBtone nodales (local) 4*60 

6. Blackish and dark-green hornblendic and felspathic rocks, 

aome of which might be called diorites 3*84 

7. Crrstalline quartz 1'53 

8. Soft yellowisn aandstone (local) *. 1 '27 

9. GametiferoiiB gneiss 1 02 

10. Crystalline diorite 0*77 

11. Chert 0-61 

536. Part of the coai-ser qnarteite of No. 1, almost exactly resembles 
that descnbed in the enumeration of pebbles on the Souris River. (§ 514) 
Nos. 2, 7} and 9, are Laurentian ; No. 6 is probably almost entirely 
Huronian. In this locality there are also a good many boalders of 
granite and gneiss of some size. A lai'ge limestone boulder, weathering 
pinkish white, bnt grey internally, was found to measure 10 by 6 by 2^ 
feet, neither the length nor thickness being fally exposed. Near here 
also, in some of the limestone erratics, specimens of a peculiar Strcm- 
atopora were foond in some tibundance. The Quartzite dnft of this 
locality, is mingled with a gi*eater proportion of eastei*n and noi*them 
debris, than thatof the country more completely sheltei-ed by the Tertiary 
plateau, fbrther east, but is still well characterized. 

537. North of the plateau, the increase of limestone and Laurentian 
rocks is very appai*ent. At a point about twenty-five miles west of 
Wood Mountain, near the junction of the Coteau deposits and northern 
slope of the plateau, an ezamination gave the foUowing result : — 

1. Limestone ? 38*33 

2. Granitic and gneissic rocks (prevalent tints reddish and 

greyish) 29*58 

3. Qnartzite drift 24 28 

4 Blackish and greyish altered rocks 6'99 

5. Crystalline qnartz 2*46 

6. Chert (&om the limestone) 2*10 

7. Black homblende rock and diorite 1*20 

638. Westward from Wood Mountain, the diift region of the Coteau 
trending northward, follows the baso of the Lignite Tertiary plateau, and 
is not again seen in the vicinity of the Line. It would appear fh)m 
Gaptain Palliser's map to run with a course about westrnorth-west to the 
Elbow of the South Saskatchewan, where, as already mentioned, it was 
met with by Dr. Hector. Here the edge of the Tertiary ceasing to be 
coincident with that qf the third prairie stoppe, appears to travel south- 
westward, while the edge of the thiixl steppe is continued noHhward, by 
an escarpment whichj according to Dr. Hector, is of Cretaceous rocks ; 
and appears to be closely followed by the bordering drift region of the 
Coteau as befoi*e. The Coteau deposit, would even seem to extend to the 
latitude of the Thickwood Hills, north of the North Saskatchewan, as Dr. 
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Hector says of them, that their whole eastem Blope, with its broken 
country is " «trewn with boulders, and worn into eonical knolls and deep 
pot holes,'* forcibl}' reminding him of the country where the south 
Sankatchewan interseet» the Coteau des Prairies ;* and again on a foliow- 
ing page — " The abrupt slope, facing to the eaet, follows a cui-ved line to 
the north-west, and is everywhere strewn with boulders, principally of 
primitive rocks, and angular maBbOB of chert an(] magncman Hmentone.** 

539. The edge of the thiiti prairie plateau is, however, toward the 
north, lesB dofinite than Bouthwaixl, and ig broken up into separate Systems 
of flatrtopped hilln ; and the airangement of the drifl deposits no doubt 
pai*take8 of the same iiTegulanty. I cannot -but bei ieve, however, that 
the deep vallies, without outlet, which Heem to have perplexed Dr. 
Hector in thin region, are expUcable in the Barne way Bs those found 
within the Coteau neai* Wood Mountain, and that the]*e also greatdepoaits 
of drift macei'ial have been piied on old 8ui*faceB seamed with pre-glacial 
vallieB. Of tlicBc Dr. Hector writcH — with special reference to certain 
inBtanoos in the Eai* Hill», Bouth of Battle Eiver : — ^' The Burfacea of the 
higher plains ai*e in Home loealiticB travei*Bed by profound i*ent8, reBemb- 
ling the vallicM of great rivern, but which, after ninning for Bome miles, 
are generalFy found to be closed at both ends. They are often occupicd 
by deep laken of salt water, depressed 200 to 300 feet below the piain, and 
fi'om 600 yaixis to a mile in width." f 

540. The fi*equent occurrence of Baline lakcB, in the iiigged district 
of the edge of the high est prairie Bteppe, iB also mentioned; and their 
poBition, generally at the sanie altitude,and along a well-mai'ked oldcoaat 

• line, leadB Di\ Hector to attribute their salinity to the i^emainB of the 
saltB of the sea itself. To me it would appear more pit>bable, both from. 
the comix)Bition of the Baltn, and the fact that similar Baline waters were 
ftequently found isBuing from the i-ocks — especially thoBe of Ci'etaoeouR 
No. 4 — that they priraarally owe their Balinity to chemical action pro- 
cceding nmong the little Consolidated heda of the Tertiary orCrataceooa; 
and itH peixisteucc to the want of draintige vailicB. Be this a» it 
may, they are totally distinet in chai*aeter and origin from the aalt 
Springs of Lake Manltoba, and the Red River Valley to the east. 

541. South of the forty-ninth parallel, the oontinuation of this belt 
of drift matoHal can also be ti'aced. It runs south-eastwaitl, character- 
izing the high ground between the tributai*ies of the MisBOuri and the 
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Ked Hiver, but wanting the backing of the Lignite Tertiaiy plateau, it 
appears to become more diffuse, and spreads more widely over the 
countiy. Tbe drift deposits do notfomi the high ground, but are merely 
piled upon it ; and it neems to be based at no veiy great depth on a 
nucleus of haixi palaK>zoie rocks, over which the Cretaceous is generally 
thinly spread, but which appear at the celebrated Pipe Stone Quany 
and elsewhere. Frora what I can learn, it would ap})ear that the 
80-called Coteau de Prairies and Coteau de Missouri, between which a 
distinetion is oflten here made, are parte of the »ame great feature. Their 
elevation is similar, and nearly the same as that of the Coteau on the 
Line, and they ai*e equally characterized by the immense proAision of 
en*aties, with which they are strewn, and by basin-like swamps and 
lakes. 

542, The following description of the Coteau south of the Line, by 
Prof. Thomas, is the best I have bcen able to find for that region, and 
will be valuable as a term of eomparison. "The surface of the country 
between the Valley of the Red River on the east, and Missouri River on 
the west, niay be described, in general terms, as consisting of high, roll- 
ing prairies, intersected by the vallies of a few streams which run south. 
But this general contour is interruptod by two elevated plateaus, which 
stand high above the geneml level, as monuments reared by the vast 
aquatic forces of the past, as if to give us some idea of their stupendous 
power. The smaller of these elevated plains, the Coteau des Prairies, 
extends from a point about forty miles west of the north end of Lake 
Traverse, latitude 46°, longitude 97° 30', south waixl, expanding and 
somewhat dividing towards its southem extremity. The westem arm of 
this southem extension encroaches close upon James River Valley, about 
latitude 44° 15', where it eniis ; the other arm reaches south-east, ptissing 
down on the east side of the head waters of Big Sioux, and gradually 
fadeH out in the southwest conier of Minnesota. The elevation of its sur- 
face averages nearly 2,000 feet abo^^e the level of the sea, var^ing from 
1,860 feet, to 2,040 feet, showing a rise above the plains east of it of about 
800 feet, and above the vallcy wost of it of 700 feet. The other plateau 
is the Coteau of the Missouri. This hugs the Valley, and follows the 
course of the Missouri, north ward from Fort SuUy to the great bend of the 
river neai* the mouth of the Yellowstone. Höre it it recedes, and extends in 
a northwest dii-ectioii into British Possessions, where it gradually fades 
out and is lost (?). It varies in width from thirty to fifty miles, and in 
height from 1800 to 2000 feet above the sea ; but the sui'face'is more iiTe- 
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gular than that of the other Coteau, portions of it riBing afi mach as 200 
feet above the general average. The general elevation cori-esponds veiy 
closely with that of the Goteau des Prairies, showing very dearly some 
relation between the origin of the two. On each are numerous small 
lakesy mostly impregnated more or less with saline matter, and at many 
pointfi on each boulders are quite plenty."* 

543. Dr. Hayden, treating of the same region, writes : *^ North of 
the Missouri River, fi-om the Big Sioax Kiver to Fort Clarke, there are 
districts where onc might walk for miles across the plains, and over the 
hüls without stepping upon the gronnd, so closely paved is it with wom 
or partially-wom boulders." f Prof. Winchell describes the extreme 
south-eastern part of the Ck>teau, near Lake Traverse, as characterized 
in a similar way, by the abundance of erratics, which, though some 
limestone boulders occur, are chiefly of granite. X Minne Wakan, or 
Devil's Lake, in the watershod rogion of northern Dakota, may be but 
a larger example of the kind of lakes characteristic of the Goteau. Its 
waters ai'e saline, and its shores appear to be fringed with innumerable 
boulders of gi*eat size. 

544. In the Missouri Cotcau, we find a natural feature o^ the first 
magnitude. A mass of glacial debris and travelled blocks, with an 
average breadth of, perhaps, tliirty to forty miles, extending diago- 
nally across the central region of the continent, with a length of about 
eight hundred miles. It would appear to go far toward satisfying the 
requirements of the theory which accounts for the glaciation of northern 
America and Eui-ope, by the southward progress of a great polar ice-cap. 
It may be supposed that a projcction of this great ice-sheet, filled the 
whole northern part of the interior of the continent, from the high 
ground at the foot of the Rocky Mountains on the west, to that of the 
Laurentian plateau to the east. It would be supplied by icc generated 
in the polar regions, and fed also by that of the Rocky Mountains and 
Laurentian nxis at its sides, and may be supposed to have passed south- 
waixl, impressing on the country all tte features which now characteiue 
it, and especially excavating the basins of the great series of lakes which 
lie along the western base of the Laurentian. Hemmed in on ihe 
west by the higher ground of the watershed, it may be supposed to have 
been forced eastwaixl, and leaving the Goteau as a gigantic lateral 
moraine, to have sent a tongue far southwaixi in Dakota and Minnesota 
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over ihe low eoantiy of the Bed Biyer Valley. Bj such a series of 
snppositions, nearly all the observed phenomena may be accounted for ; 
while it is eaey to attribate the aniformity of the plains, to the action of 
sach a glacial sheet planing its snrface ; bat an almost infinite amoant of 
force, acting from behind, mast be among the first of the aastimptions; a 
fOTce capable of moving the supposed great ice-mantle acroes the 
northem transverse watershed, down into the valley of the Saskatch- 
ewan, l3nng athwart its course, and then for hundreds of miles up the north- 
eastward slope of the plains. 

546. The main facts to be accoanted for are these : — ^A plateau in 
continnation of the high land stretching eastward from the moontains ; 
thinly corered with drifb material of the natore of shingle, in whieh 
quartsite fragments fh>m the slopes of the Bocky Mountains greaüy pre- 
ponderate. 

A Iower region to the soatbwai-d, also characterized by quartzite 
drift, in which, when most perfectly sheltered from the north, noi*them 
and eastem drifb, rarely occors ; bat appears to increase in abundance in 
exact Proportion to the deficieney of the northera barrier. 

A second Iower region to the noi*th, thickly covered with glaciated 
northem and eastem debris, with compai'atively little intermixtare of 
westem material, and heaped up especially on the foot of the plateaa 
before mentioned. 

546. From a care^l examination of the Coteau and its surroandings 
in the vicinity of the Boundary-line, I have been lead to theopinion that 
not glacier-ice as sach, bat sea bome ieebergs only, can account for the 
phenomena there pi*06ented. From the great similarity of the nature of 
the Coteaa in all parts of its length, and its essential anity, it would seem 
that the natore of the origia of any one part most be that of the whole. 
Withoat therafore at the present time entering at any length into the 
general question of glaciation, it may be well to attempt to acooant as 
fkr as poesible for this its greatest recoixl on the plains. 

547. It will be shown sabseqnently, that a depi*ession of the continent 
amonnting to at least 4,000 feet, as marke d in the Rocky Mountain region, 
has taken place in post4ei*tiary times, and during the subsidence and 
emergence preceding and following the period of greatest depression, it 
would seem that most of the featm^es of the later deposits of the plains 
were produced. To account for the Coteau deposit, it must be supposed 
that from some cause the ievel of greatest deposition of drifb material, for 
Bome time coincided with its general altitude ; but whether this line was 
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one at which the causes pixxiucing the drift de] osit acted for a very long 
period, or whether its ac'cumulation marks a ntage of depi'ession at which 
the Lauren tian axis, and it» flank ing Silurian rocke wei'e moHt favorably 
situated for degradation, are general qucHtionH best discuHsed in the seqnel. 
The Coteau belt in not exactiy a »höre dc{X)8it, and its ponition during the 
period of greate^t sabäidenc« must have bcon deeply submei^cd, though 
this may have beeu for a comparatively short time. 

548. Here on the foot of the Tertiary plateau, from the North Sa«^ 
katchewan to the Line, heavy ice from the north and ea^t must hare 
grounded, bearing mateiial from the Laurentian hillH, a distance of at least 
foui* hundred miles ; while at the same time fi'om the north-west or, 
perhaps, even fi*om the south-west, came lighter ice bearing debris fi*om 
the glacier» and coant line of the Bocky Mountains, and moving probably 
under the influence of supei'ficial cun-ents, or prevailing wind». The 
material from the latter soui-ce, must either have been originaliy shore 
gravel, oi* have lain for a long time subject to the action of the waves 
on the shallow suiface of the plateau, and been there impreesed with the 
chai*acter of shingle — a character not assumed by the debris of the 
Gotcau. It is worthy of remark in this eonnection that while fragmentB 
of siliceous rocks from the Eocky Mountains, which are mingled with the 
Laurentian matter of the lower levels, frequently retain marks of severe 
glaciation, those of the summit of the plateau and higher levels, rareiy 
show traces of it. South-westwai-d of the Boundary-line, the. Tertiary 
plateau being in most places absent, and the genoral suiiace of the 
couutry lower, it would scom that the Coteau region is broader and 
more scattored, and that much of the northorn ice may have passed 
over it southward. There is nothing to show that the siliceous drift is 
in any sense cohüned to the higher levels. It appoars most abundantly 
there, and decreases eastwaixl, but in many wcstem localities where tho 
noilhern drift preponderates, as great a quantity of the western material 
may exist as in the thin covering of the plateau ; but it loses its pro- 
minence, from its int<ign]ficance relatively to the north-eastcrn material. 
The total quantity of drift, ai*ea for area, on the third as eompared with 
the second steppe, is probably not over one twentieth. It would 
appear fi*om their mingling, thsrt the two deposits if not exactiy 
contemporaneous, are \Qvy nearly so. 
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Drift Deposit^ cf the Third Prairie Plateau West of Wood Mountain, 

549. On the western side of White Mud Eiver, is a region of gentle 
hüls somewhat elevated above the prairie to the west of it, and which 
ten miles north of the Line, is about ten milesin width. Fi'om the contour 
of the sui*face it would Heem that thin is in great part cau^ed hy an acca- 
mnlation of drift, though it may also be connected with the oecurrence of 
outlyers of Cretaceous No. 5. From the 505 to the 535 mile points, an 
oatlying portion of the Tertiary platean extends, and rans noHh-westward 
to an unknown distance. Its eastem edge is Bomewhat cut up by old 
disosed vallies, in one of which a large saline lake occors. These may 
be of pre-glacial age. The westem front is compamtively little broken 
by vallies, and is abrupt and escai*pmont-like. No sections or featai*es of 
intei-est in connection with the drift were obsei'ved, though some parte 
of the region show many boulders of mixed origin. 

550. We8twai*d, a flat, arid piain Stretches to the East Fork of Milk 
Biver. It is very stoney in many places, and an examination of the con- 
Btituents of the di-ifb near the 540 mile point gave the following result : — 

1. Quartzite drift 57* 14 

2. Granitic and gneissic rocks 23*07 

3. Limestone, some of it resembling that of the Rocky Moun- # 

taiiw 1502 

4. Clystalline qaartz 1*83 

5. Soft ftandstone (local) 1 -09 

6. FragmentB of OHrea (local) 0*36 

7. Chart 36 

8. Wood, partly silicified 36 

9. Rocks unclassified 0*73 

561. In the valley of a streara near the 547 mile point, good sections 
of the drift appear. The matenal is a rather hard arenaceous clay, of a 
general brownish-gi'ey colour, and some appearance of rough stratifica- 
tiou. It shows stones of all sorts irregularly imbedded in it, many of them 
very evidently glaciated ; and also contains specimens of a Cretaceous or 
Tertiary fossil Ostrea, crystals of selenite, and small angular fragments of 
a material more resembling true coal than lignite. 

552. The surface of the country, before reaching East Fork of Milk 
Biver, again rises somewhat, and is very thickly strewn with eiratics, 
which show a mixture of northern and westem drift. In the valley of 
East Fork, though there are no sections of tlue Cretaceous or Tertiary, 
very interesting exposm*es of true boulder-clay, resembling that last 
described, are found. The banks in some places, where the stream has 
cut away their base, are nearly vertical, and about forty feot in height. 
(Plate XII., Fig. 1.) The mätcnal is a very hard sandy clay, varying in 
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colour from yellowish to diill blaish-gi'oy, and with roöty cracks tra- 
versing it in many dircctiouä. It is uHually bo homogeneous, that on 
weathering it as8umes vcrtical forma, aud a rudely columnai' appearance. 
It Beems to have been moved, nnd to some oxtent stirred together afler 
its deposttion, and contains many giaciated stoneB and Braali boalders 
scattered irregalai*ly tbrough it, and resting in all positionB. In some 
placea, however, current structui'e and false bedding are very apparent. 
The induded fragments ai*e of the OBual mctamorpbie rocks, and Qnartsite 
drift, with some white limoBtone, and ixonstone nodtiles, selenite, foesil 
Ostreas and Cephalopods from the CretaceouB. Lignite aud coaly Ugnite, 
like that ah*eady described, are not nncommon. The appearance iB that 
of very heavy ice action, and it would seem that a great part of the ma- 
terial haB been derived from the undorlying clays of Ci^taceous No. 4, 
which have been ]K)ached up, without having been iar removed, and 
mingled with travelied erratics. 

5&3. The Valley of the WeBt Fork of Milk Biver, BhowB Bome sections 
of similar clay. An examination of the Bupei'ficial drift of this vicinity 
gave the following numerical result : — 

#1. Quartate drift 5207 

2 Granitic and gneissic rocka, of prevalent pinkish and greyiah 

tint« 26 66 

3. Limestone 7 17 

4. Soft Bandstone, day-ahale, &c., (local) 5 66 

6. Crystalline quartz 3*77 

6. Chert 264 

7. Ironstone, (local) 1-88 

8. Porphyritic trap 1 23 

554. The colours of the quai*tzite pebbles of No. 1, are generally yel- 
lowish, brownish and whitish, but among them have been included a few 
fragments of ^groenish slaty rocks, and many appai'ently intermediate 
betweon this and quartzite, but not clearly refemble to eithor. The 
whole have therefore been placed nnder one heading, as probably 
derived from the mountains, though some — especially of the slaty eam- 
ples — may be Huronian. Among tho limestone pebbles also, are one or 
two which resembled those of tho mountains. It is interesting to find 
here a few specimens of the trappean rock of the nuclens of the BnttoB, 
which are situated sixty miles due west. A fragment of an Ostrea was 
also found though not ennmerated. 

555. No instructive »ections of the drift were met with in the vici- 
nity of Milk Kiver. The surface of the piain is strewn with boulders in 
many places, but the drift dcposits do not appcar to be thick. Noar the 
610 mile point, the piain has a gonei*al elevation of about 3,600 feet. An 
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ezamination of the superficial drift at this place gave the following 
result: — 

1. Quartzite drift . . . ^ 65*55 

2. Gnmitio «ad gnessic rocks, prevalent tint reddish, but xmich 

black homblende 27*77 

3. lamestoiie, one fragment at least from the Rocky Moantains 6 '11 

4. Crystalline auartz 3*87 

5. Hard altered day-rocks, yellowish, greenish-grey and 

blaekiflh 8-33 

6. Diorite 2-22 

7 Hornblende schist 0*52 

8- Ironatone 0*52 

An analysis by colour of the components of the Quai'tzite di-ift was 
also here attempted, and with the following result : — 

YaUowiali and brownlBh • 41*23 

Reddiah and purpliah 2164 

Gray and greylsh * 17*52 

White, or only alightly iron atained 15*46 

Yellowish, compact 3 09 

Greeniih 103 

The yellowish and brownish specimens are as a rule very compact, 
though Bome are of coar&e, granulär quartzite. In the purplish and red- 
dish series, coai*8e-gi*ain6d and compact varieties are about equally 
divided, and several of the greyish, are quite coarse-grained, the constitu- 
ent particles being of different coloured i*ocks. 

556. The Three Buttes, or Sweet Grass Hills, already briefly des- 
cribed in ti*eating of their structure, yielded but few traces of action 
dnring the glacial period. Aware of the importance of these isolated 
mountains, I seai*ched carefuUy for any glacial markings upon them, but 
the shattered nature of the hard rocks of their summits, and the sofbness 
of the strata flanking them, has prevented the presei'vation of such 
striation, if it originally existed. The terraced aspect of the foot-hills, 
though at first attribuled to marine action; was afterwards found to be 
mainly, if not entirely, due to the armngement of the subjacent i^ocks. 
The boulders of their immediate neighbourhood are ft*equently composed 
of the trappean rock of the summits, mingled largely with Laurentian 
and Quartzite erratics. A stream, flowing from the West Butte, at the 
foot of the steep slope of the mountain, has cut through a considerable 
thicknesB of rough, mostly angular, though not evidently glaciated stones, 
with which its Valley had been filled. Of these the greater part were 
local and trappean,but some of foreign origin. Laurentian and Quartzite 
erratics are found in abundance to a height of over 4,000 feet. 

557. The main stream of trappean fragments, which, in whatever 

16 D 
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way the glaciation of the plains is accountedi for, must be suppoeed to 
have flowedaway from the Buttes, cannot have taken a direct easterly or 
westorly course, as specimens of the rock are scarce in both thesedirections. 
Nor does there appear to be any considerable accumulation of debriB 
immediately north of the Buttes ; and a eoutherly course, for thedrifl in 
this region, would seem to be indieated. 

558. The First Branch of Milk River, where it crosses the Line, 
flows in a moderately wide Valley with banks forty to fifty feet high. 
These showgood seotions of boulder-clay, which almostexactly resembles 
that described in the East Fork, 140 miles eastward. It is, perhaps, 
however, of a paler tint, and rathor yeliowish in colour. It inclades 
glaciated stones, and shows here and there traces of sti*atification ; and as 
before, tends on weatheiing to break into upright eolumnar fi-agmcTits, 
which give the cliffs a peculiar appearance. Pale green, slaty pobbles 
were noted here in some abundance for the first time. 

559. The superficial drifb examined in a favoui*able locality, six nxiles 
west of this place, gave the following pei*centage ratios: — 

1. Quartäte drift 4267 

2. Granitic and gneiasic rocks, chiefly pinkish and blackish .,.. 22*27 
3 Slates and ^tered day-rocks, pale greenish, and greyish .... 18*31 

4. limestone, some evideutly from the mountains, but the 

majority of fragments resembling that of the Red Rirer 

country 6*43 

5. Soft aandatone and clay-shale (local) 4*45 

6. Dioiite 2*47 

7. Ironstone (local) 1*43 

8. Fragments of Ostrea (local) 0*99 

9. Crystalline qaartz ^ 0*99 

560. No8. 1 and 3 are, no doubt, identical in origin, and in 
considering the derivation of the matcrial öhould be treated of together. 
The most striking feature in this collection is the i-emarkable abundance 
of the softer rocks, which though associated with the quaiiaites in the 
mountains, have not previously been obsei'ved to acconipany them on 
the plains in any quantity. A portion of No. 4 is also from the 
mountains, but it is alinost impossible to draw distinctions in all cases 
between the limestones of eastern and northem, and those of westem 
origin. They have therefore been classed together. 

561. Near the Second Branch of Milk Biver, the plains have an 
average elevation of somewhat over 4,000 feet, and lie about thirty 
miles from the nearest spurs of the Eocky Mountains. The drifl, while 
chiefly from the mountains, contains boulders of Laui'entian origin, and 
apparently also a few of the eastoi*n white limestones. Fifteen miles 
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farther west, in tho neighbourhoocl of tho St. Maiy Eiver, at abont the 
same elovation, Laurentian fi^agments were observed in ceiiain places 
in some abandance, bat were lost night of bcyond this point. The 
distance of theso travelled blocks from the nearest part of the Laai*entian 
axis is over 700 miles. 

662. We have here then, as closely as it can be deflned in this 
latitude, the most westem, and highest limit of the Laurentian drift, 
bat not necessai-ily that attained by the waters when at their highest 
stage daring the glacial submergence. Teri^aees, cleai-ly implying a sea 
mai'gin, are, indeed, found higher on the flanks of the moiintains. A 
depression of the eastem region to an oxtent of 3,000 feet, would more 
than suffice to cover the Laarentian axis, as it is at present, and though 
in pre-glacial times its height was greater, it mast have stood, at this 
stage of subsidence, scarcelj^ if at all, above the level of the sea. 

Glacial Action in the Eocky Mountains. 

563. In the part of the Eocky Mountains crossed by the Boundary- 
line, Ihe effects of glacial action are very frequently apparont, though no 
glaeiers, properly so-ealled, now exist. The streams flowing fi-oni the 
mountains, cut through banks of well-i-ounded gi-avel, and smali boulders, 
similar in general character to that whichhas beencalled Quartzite drift. 
The stones were not observed to be glaciatod. 

564. Waterton, or Chief Mountain Lake, occupies a deep valley with 
exceedingly steep and preeipitous sides, which opens north ward. Its 
height above the sea ih 4,213 feet, and it is about ten miles in Icngth, and 
fills the Valley from side to aide, with an average width of about three- 
fourths of a mile. Near its northern end, is a collection of rounded and 
hummocky hills, which are ovidently composed of moraine matter, and 
show rocky fragments of all shapes and sizes ; where these are not con- 
cealed by softer material, or the luxuriant Vegetation of the region. The 
hai'd limestone of senes B , where it crosses Waterton Lake, though not 
observed to show glacial markings, has the general rounded outlines 
produced by ice action. There is thus evidence that a great glacier 
pushed northwaixl down the valley of the lake, and debouched upon the 
piain, being fed, no doubt, from the numerous smaller transverse ravines 
which enter it. 

565. Withoat going into detail in every case, it may be stated, that 
in all probability every valley of importance was in like manner occupied 
by streams of moving ice ; and to their moraines mach of the contoui* of 
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the immediate foot-hills of the mountains is due. The bi-ook issuing 
eastward from the mouth of the South Kootanie Pass, has cut through a 
great thickness of clean gi-avcl drift, composed of large and uniform, well 
munded pebbles, of which the general tint, aä viewed from a distance, is 
pale pui-ple. Above the bed of the brook, on tlie flanks of the mountains, 
on the south side, ai'e eomo well preserved teiTaeefl. In one place ihe^e 
were observed to havc Buffered an apparent dieloeation, the top of each 
teiTaee on one side, coiresponding in olevation with the middle of the alope 
of that on the opposite side ; the two Systems being separated only, by a 
straight narrow water-furrow dovTi the monntain side. The arrange- 
ment altogether was highly suggestive of fkulting on a small BC4|l6. since 
the formation of the tennces ; an explanation rendered the more pro- 
bable from the fact, that terraees on the west side of the mountains 
discribed by Dr. Hector, seem also to have been affeeted by veryrecent 
movements.* The highest of these terraees in the Kootanie Pass, though 
its altitude was not actually measured, was estimated fi*om that of the 
pass, to be about 4,400 feet above the level of the sea, and above this no 
reliable sea-mark was found. From the position of the terraees in the 
open eastern throat of the pass, from which the ground falls rapidly away, 
it would appear that they cannot have been formed by any smaller sheet 
of water ; nor would the nature of the localitj^ allow me to explain their 
formation on any hypothesis of a former moraine blocking up the valley. 

666. The matenal of the drift, westwaiti from a line which tnay 
be drawn near the valley of the St. Maiy River, appears to be oomposed 
altogether of the debris of the mountains of this immodiate vicinity ; nor 
were any fragments seen which could not with great pi-opriety be assigned 
to one or other of the beds obsei-ved in place. The gold, which is known 
to exist in small quantity, in almost all the sti*eams which have been 
prospected for it, can therefore hardly have other origin than that of the 
drift, of which it appears to form a part. Though no metaliferous veins 
were observed in this part of the mountains, they ai'e found southward in 
Montana, and may exist also here, but if so nothing was obsei'ved which 
would lead to the belief that they were either rieh or numerous. 

567. About four miles westwaitl from the West Fork, in the valley 
of the Kootanie Pass, well presei-ved glacial stri® were found, on a surface 
of hard green slate. Thoir direction was S. 40° W. (mag.) or coincident 
with that of the main trough of the valley. This is the only locality in 

* Exploration of British North Amerioa, p. 817. 
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which glacial Htriation was actually observed, the surfaces of the rocks 
having genei-ally been too much brnken up for their preeei-vation. Near 
here also, somo large gravel ten-aces remain on the mountain eidep, and 
in one place the brook has cut thi-ough a ma86 of tough boulder-clay of a 
light fawn colour. 

668. Foui- miles up tho Valley, on the westem aide of the watershed 
which runs Houth-eastwai'd from tho Forks, it is blocked by a series of 
very evident and perfect moraine mounds, tracoö of which extend for 
nearly a mile. Thone lowest down the valley, have been much modified 
by water, and are merely stoep rounded and irregulär knollö ; while thoso 
last left by the glacier, still retain their abrupt lidge-like form, and ai'e 
convex downwai'd. Where a small lateral valley joins the main one, a 
straight-edged ridge has been pixxiuced by the interference of its glacier, 
after the retreat of the larger one. The moraine has, no doubt, at one 
time held in a lake, similar to those now existing in many of the vallies, 
but has long ago been cut through by the sti'eara. The highest portion of tho 
moitiine is situated about five miles below the head of the valley, and 
no intermediate ridges were observed. Here, and elsewhere, there are 
indications of the rathej* sudden conclusion of the xieriod of cold, and 
reti'cat of the glaciers. 

569. The upper ends of the Valleys, surrounding the higher peaks 
and ridges, are generally very abrupt, and take tho fonn of cirques, 
or amphitheatncal depressions, of great depth, in tho mountain sides. 
The backs and sides oftheso are ofteo neai'ly vertical, and theyare some* 
times only separated lateral ly, by steep knife-edge-like ridges, the crests of 
which form the most practicable paths to the summits. Each of these 
uppor terminations of the Valleys, genei*ally also shows a small lake, or 
pond, in the hollow of the surrounding cliifs ; the basin of which has 
ovidently been forme<l by glacier ice — ^which must here have been 
descending almost vertical ly — in the moraine matter or shattered TOcky 
floor. Fui'ther down some of the Valleys, long river-like lakes are seen, 
evidently occupying the beds of old glaciers, but whether held in by 
moraine matter or not, I was unable to detennine. The water of tho 
smaller lakes in the upper ends of the Valleys, as seen from the heights 
ai'ound, is of a beautiful semi-opalescent indigo-blue, and must be of 
considerable depth. The lakes ai*e siipplied in part by the great banks of 
perennial snow, which appear in these sheltered hollows. Tho snow 
though not of the consistency of ice, is firm enough to be walked over 
witb eaae, and has, no doubt, kept up the direct succession, from tho 
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time when gi*eat nevies filled the head» of the Valleys, and the mountains 
around them were completely snow-olad ; and are waiting only some 
change in the climatic condition», U) advance again down the linen of 
the old valleyn, and occupy the places they fonnerly üUed. 

General Can^pasition of the Drift. 

570. In the suhjoined table, the i*e8iiltH of the numerical anal3'^es of 
the dritt, have been rearrangcd more bi'oadly ; that a genei*al idea of it8 
composition may be arrivod at. All eletu'ly Laui*entian material is 
claH8od linder that nanie. In the limestone eoluran, ohert plainly derived 
from the mirne bodn, han been ineluded. It being im|x>88ible in all caseH 
to separate the mountain drift fi'om the Iluronian, I have dlBtinguinhed 
thoHe figures in whieh any uneertainty of this kind may exint. It is pro- 
bable also that a small proportion of Iluronian, the fragmentn of whieh 
have been ineluded in the now preponderent Quartzite driit, runs on cven 
as für as the Laurentian in found. The resultn here an*anged, are founded 
on the travelled drift only, all local samples having been thrown out. The 
great mass too, of the lower and undisturbed drift, composed of w>ft 
matter mostly of loeal origin is, of eourse, hei'e quite unrepresented ; a8 
not throwing any light on the direetion of travel. Crystalline quarts, 
diorite, &c^, though appeainng in the ealeulation, are not repi'esented 
in the table, as their origin is more or less uncei'tain. 

571. The limestone Ismail ineluded in a Single column, and has been 
almost altogether derived fi'om the eastern limestone beds, though from 
No. 7, onwaixl, fragments elearly referable to the mountains begin to ap- 
pear, and in some of the more western localities, material of the latter kind 
may amount to even fifty per cent. of the whole. The small quantity of 
limestone from the mountains compared with other rocks of this origin 
in the dnft, except immediately on their flanks, is remai'kable. The 
limestone beds, though forming so prominent a fcatui*e in the mountains, 
are, however, chiefly developed in the higher regions ; and it may be that 
the action of the waves was chiefly directed on the i-ocks of Series C, the 
general chaiticter of whieh closely resembles that of the quartzite drift, 
and whioh forms the lower and outer ranges. The eastem limestone, though 
from the same direetion as the Laui*entian debris, whieh appeara at nearly 
the same pereentage throughout ; in constrast to it, runs out very rapidly 
towaixl the upper leveis, a faet to be aeeounted for by ita lo\^er posi- 
tion on the flanks of the Laurentian highlands, and consequent rapid 
submergence below the Hne of efficient action of the ice. The constant per- 
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centage of Laorentian, mnst not be supposed to «how that erratics ofthat 
oi-igin are equally frequent over the aocond and tbird steppes, for the 
total quantity of drift on the latter is comparatively small. 

The Red River Valley. 

572. The Valley of the Bed Biver, is a continaation of the trongh, in 
the noi'thei'n pai*t of which Lake« Winnipeg, Winnipegoais, and Manitoba 
lie. On the ea^t, it is bounded by the plateau of drift materiale, already 
deBcribed, which Btretches sonthwaixl from the Laarentian region. On 
the west, the nearly straight line of the Cretaeeous eBcarpment, with th« 
terraced front of Pembina Mountain form its limit. The part of tliis 
Valley lying north of the Boundary-line, and between it and the southen 
Bhore of Lake Winnipeg, is ninety miles in liength; while from the Line 
southwaiti to Travei*8e Lake, it is 225 miles, giving a total length of 315 
miles. On the forty-niuth parallel, its width is forty-six miles, and for a 
long way south of the Line, it preBei*ves an average breadth of about 
thirty miles, thoagh finally narrowing noar Tinverse Lake. The general 
course of the Valley is exactly north and south, to which the river con- 
forma, but not very precisely ; for at Gi'and Forks, seventy miles south of 
the Line, the Bed Lake Biver — a Bti*eam of magnitude, equal to, or greater 
than, the southei*n brauch which continues to bear the name of Bod 
Bivei' — comeB in at right aiigles without producing any corresponding 
bifm*cation or change in the Valley. The Valley appears to have been 
adopted by the river, not formed by it. 

573. The slope of the Valley north waixl from the Line, probably does 
not exceed six inches in the mile. From Morehead in Minnesota, 150 
miles south of the Line ; the average fall of the river is a little leAS than 
one foot per mile, by railway levels, and that of the valley must be even 
less. The inclination of the sides of the valley, east and west of the 
central depresKion, probably seldom exceeds ten or twelve feet in the 
mile, and frequently falls much below this. Its general aspect is that oi 
a perfectly level piain, bounded only by the horizon, or by a belt of trees 
fnnging some stream. 

574. The whole of this valley, has at a time geologically recent, 
been occupied by a great lake, wlth the fine silty deposit of which, it is 
now floored. The alluvial deix)sit is uniform and of great depth. I 
have never obsorved any organic remains in it, but leaves and fhigments 
of wood appeai' to have been found in some places. The lake must have 
been a fresh-water one, but the remains of molluscs ai'e not found. The 
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lower lajers of the deposit, ai*e sm a rule the finest and laost oniformly 
stratified. Those neai* the surface, though rarely showing any material so 
coarse aa to be called sand, sometimeB take the form of moderately coarse 
arenaceotu elay. A portion of these upper layers may have been formed 
fay the overflow of the rlyer itaelf, after the recession of the lake. Pebbles 
or boulders of any kind ai*e exceedingiy rare, and whei'e seen were pro- 
jecting above the surface .of the soll. The total number obeerved in all 
my ezcorsions in thia Valley, might almost be eonnted on the band. 
They are nBaally of Laurentian origin, though one or two of limestone 
were met with. 

575. The depth of the alluvial deposit near the forty-ninth parallel, 
has not been ascertained, it is, however, certainly greater than the depth 
of the immediate valley of the river, wbereasection of from thirty-five 
to foi*ty feet is exposed. Some of the lower and finer beds are often, 
twisted and beut, though not showing any evidence of false bedding. 
This I can only attidbute to the action of floating ice-cakes in the 
former lake. Smakl flattened nodules are occasionally found forming 
horizontal lines in the deposit. Though deep and very uniform in the 
centre of the valley, the aliuvium does not maintain the same homo- 
geniety on appi*oaching the sides, and these appear to have been occupied 
by banks and shoals of i*ather coai'ser materials. Several miles befoi-e 
i*eaching the base of Pembina Mountain, on the West, the subeoil is found 
to contain small roUed pebbles, of which the gi*eater part ai*e derived 
from the clay-sfaales of the Pembina Mountain group. Nine miles ü*om 
the base of the mountain, a well, dug eight feet deep, passed for that 
depth through very fine, clean, silicious sand. Occasional thln layers 
holding coarser particles occur even in the cenü'e of the valley. One 
which was called a " sand," when the argillaceous matter was washed 
away, was foiud to consist of very minute i-ounded fttigments of the 
Cretaceous clay-shales above mentioned. 

576. The typical deposit, however, where I have examined it, in the 
vicinity of Ked River, is a fine yellomsh marly and arenaceaus clay^ holding a 
good deal of calcareous matter, and eflFervescing freely with an acid. Under 
the mici*o»cope the coarser siliceous particles, in their avei*age size, vary 
firom 0-002 to 0*001 of an inch in diameter, and there is much fbimless 
ai-gillaoeous matter. 

From the occun-ence of recognisable fi^agments of Cretaceous No. 4 
in many place», it is probable that rocks of the Cretaceous series may 
have contributed largely to. the fonnation of the aliuvium, as indeed 
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might be presupposed fVom their relative positionB. It is likely that 
the calcai*eou8 matter is much of it derived fi*om the chalky beds 
of No. 3. 

577. In Bections on the Boseau River, the edge of the aUuvial 
depoBit i8 found resting on the coarser sands and gi*avel8 of the drifl; 
and in the neighbourhood of Lower Fort Gany and elsewhei*«, acoord- 
ing to Prof. Hind'd »eotions, it reßts directly qn boulder-clay.* In the 
vicinity of the town of Winnipeg, boring for water has already been 
somewhat extensively cui'ried out, for infoimation conceming which I 
have again to thaiik Mr. A. L. Eussell. Water ha» generally been 
obtained at fix>m forty-five to »ixty-five feet, the average being about 
fifby, The general section met with is thus »tated : 

Black loam about 4 feet 

Yellow mud and Band '* 6 " 

Blue mud and alkali " 30 " 

Lim«8tone concrete, resembling the bed of a river, and 
carrying water 

The most instructive Seetion of the depotdts of the valley, is, how- 
ever, that obtained in a deep bonng at Fargo, Dakota, abont 150 miles 
south of the Line. The recoixi is as foUows, as given by Professor 
Thomas : — f 

Soil 3 feet. 

White and yellow (or drab) clay 60 " 

Fine dark clay 42 " 

Small stone and gravel 10 * 

Hard clay (' hard pan ') mixed with gravel and 

boulders 115 " 

Soft, dark-blue shale 32 « 

Coarse sand-r<$ck 6 " 

Soapstone 4 " 
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The two sections may be thus paralleled : — 

Winnipeg. Fargo. 

Soil 4 3 feet 

Upper lacustrine deposit 6 * 50 " 

Lower lacustrine deposit 30 42 " 

Modified drift unknown 10 « 

Boulder clay " 116 " 

Cretaceous rocks " 42 " 

The. lower parts of the lacustrine deposit may havo been formed at a 
time when the shcet of water was not limited by the Red River Valley, 
and perhaps even before the sen water finally left the area. 



* Pipers relative to Explomtion between I^ke Superior and Rad River, 
t U. S. OeoU Swrv. Terrlt, 1872, p. 801. 
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578. The deposit of the JRed River Valley, compai^es closely with the 
loess of the Bhine, and with the allavial deposits which occur on the Mis- 
souri River and its bi^anches, as high up as Ft. Pierre. The valley of the 
Missouri, like that of the Red River, appears to be flooi-ed by a very fine 
deposit, from beneath which as the ground ripes at the sides, the stony 
material of the drifb emerges. The term yellow märt, has been applied to 
these light-eoloured alluvial beds, but some confusion has arisen fi*om the 
use of the same name, to designate similar but coai*ser deposits, of the 
suiTOunding highlands, which belong pmperly to the glacial drift. The 
yellow marl deposits of the vallies, and the light coloui*ed marly drifts 
fi*oni which much of their material has been derived, are alike character- 
iised by their extremely favourable influence on the overlying soll ; and 
all who have studied the agricultural resources of the Western States and 
territories, concur in attributing the inexhauatable fei-tility of the soils 
of the lower level pmiies, to the wide distribution of tliis mai'ly material. 

579. South of the Line, the pale mai'ly drift seems to extend on the 
Missoun as far west as the great bend, and southwaixl to cover the 
entire eastem part of Nebraska. It would appear to be limited 
westwaixl, by the gradually increasing elevation of the prairie, in that 
direction, and to spread out in a fan-shaped fonn, ft-om the 
southeiT) end of the great ^north and south depression, which the Red 
River Valley in part oceupies. It is, no doubt, connected with the 
northeni drift, and by description agrees exactly with the pale-coloured 
and marly drifts developed in BritiHh America, from the edge of the 
Pembina Escai'pment westwainl to the foot of the Missouri Coteau, thus 
occupying the whole of the second great prairie steppe. 

580. The similarity of the yellow mai'ly alluvium of the Missoui-i 
and Red River vallies, is not one of chance merely, nor to be accounted 
for altogether by the resemblance of the glacial drift from which much 
of the material has been derived. The trough of the Red River Valley is 
continuous beyond the source of the river, and paöHing south ward fix)m 
Travei-se Lake, from which the river rises, it still presei-ves its 
character and direction, and in about six miles, Big Stone Lake, the 
waterH of which empty into the Misnissippi River, is attained. In thus 
passing over the watei'shed between Hudson Bay and the Gulf of Mexico, 
the elevation i« found to be at no point greater than from 960 to 970 feet 
above the sea. The figures are fVom Prof Thomas' report; who has 
dravm attention to the importance of this remarkable physical feature.* 

• ü. 8. Cteol. Surv. Tenit, 1872, p. 291. 
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Prof. WiDehell, who has vibited the locality, thus describes it: — "A 
oontinuouB valley, between bluff« of the same form and appearance, and 
of neai*ly the same depth, eonnecta the two lakes, giving the impresaion 
of one Valley instead of two. The short interval constituting the divide 
between the two lakes is uaually withoat water, bat ia o^n overflowed 
by the spring freshet«, wheu a continuous overland wateroonrse is estab- 
liahed between the Gulf of Mexico and Hudson's Bay." ^ 

681. The waters of the lake of the Iled River Valley, even if only 
attaining the level of the margius of the great alluvial deposit on the 
Boundary-line, would flow ireely throug^h this gap, which must then have 
formed a narrow strait, connecting the great northem lake, with that 
oceupying the vallies of the Mississippi and Missouri ] and at an earlier 
stage in the history of the eontinent, when the waters were deeper, the 
communicatioii must have been quite free. In some parts of the loesa 
deposit of the Missouri, the romains of frosh- water and land ahells, 
mingled with bones of the Bison^ the Mastodem and other lately exünct, 
or still surviving forms, have been found.f The fresh-water origin of 
the deposit is thus demonsti*ated, but the further difficulty at once pre- 
sentit itself, that there is no trace of any efficient bamer southward to 
hold in the gi*eat lake now i*equired, and if the depression of the con- 
tinent was such as to render a baiTier unuecessary, the water filling 
the vallies must almost cei'tainly have been that of the sea. This haa 
been ingeniously accounted for by supposing that in such a comparatively 
land-locked aiH^a, the flow of frosh water from the nvors and streams 
would be sufiieient to etfeet the exclusion of the salt. 

582. Information is wanting as to the nature of the bamer existing 
in the northern pai*t of the great Rod Bivor Valley, which prerented the 
watei*s of the region fi*om draining away, as they now do, by a hollow 
across the Laurentian plateau. It may pi*obably, however, have oon- 
sisted of moraine inibbish, or boulder-clay. On the supposition that the 
deposits were fo]*med in a fresh-water arm of the sea, which opened 
southward, it cannot be snpposed that any passage existed northward 
also, or the tidal currents would have rcndcred the enüre aroa salL 

583. The Wide trough-like Valleys, much depressed below the 
general level of the plains in which most of the rivei*s of the west flow, 
and in which the nver itself is generally small and puisues a winding 
course, usually show a considcrablc thickness of nearly horizontal 
alluvial deposits, which, likc that of the Ked RiverValley, have been 

* Seoond Annval Report G«ol. Surv. MinnMota. t Hayden. Fiual Beport on Nebnaka, p. 10. 
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piY>duced in post-glacial times. Some of these have been ali^ady inci- 
destally toHched npon, and as the importance of these deposits is small 
they will not be further mentioned. In the alluvial deposit forming 
the präsent bank of the stream, in the bottom of the Souris Valley, 
near the second crossing, aboui fifteen feet from the snrface of the 
watei*, and six feet below the summit of the bank ; a layer was found 
to contain numerous artificial ehips and flakes of a hard cherty 
qnorteite) for which the position indicates a very considerable antiquity. 
Battalo bones are also fi*equently imbedded in these deposits. 

Pre-glacial aspect of the Country. 

584. Having in the above systematic detail, stated the facts as they 
came under Observation, it may be well in briefly reviewing the pheno- 
mena, to an*ange them in sequence as far as possible ; and that they may 
be better understood, compare these observations with those made in 
other neighboui'ing regions, and without entering at length into the dis- 
puted questions of glaciation, account for them as seems to me raost 
probable. 

585. Before the close of the Tertiaiy, then, we find that the interior 
region of the continent had lost its eharacter as an area of deposition, 
and had become one in which denudation was progi'essing rapidly — ^the 
soft deposits, especially of the lately formed Tertiary beds, sulfering by 
this process. We know that waste had been pi-ogressing for a veiy long 
time, not only on the moxmtains, but over the whole surfkce of the plains, 
before the advent of the period of cold. There is every reason to 
believe, that the Laurentian highlands had at this time a V6iy mueh 
rongher and more mountainous eharacter than at present; while on the 
plains, the main drainage Systems were already marked out, and there 
is much evidence to show that every river and stream, if not flowing in 
exactly the same courae as now, had at least its prototj^e. 

586. The position of the Valley of the Red Eiver, must always have 
been that of an important stream, from its relations to the slope of the 
Laul*entian on the east and the softer Cretaceous rocks on the west. I 
think it very probable, however, that in pre-glacial times it flowed south- 
ward, and it is even possible that the waters of the great Saskatchewan 
River also thus found exit, and wei-e tributaiy to the representative of the 
Mississippi of to-day. For the Eed River, a southem courae would be 
the one coinciding with the general slope of the country ; and by the flow 
of a large volume of water in this direction, the excavation of the basins 
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of the Wianipeg group of lake^, and the great valloy of the Bed Biver 
iteelf, can be explained ; the i ivor cutting downwaixl and westward on 
the sloping surface of the Laurontian rocks, at the oxj>cnöe of the Greta- 
ceous strata, and later, of the limestones of the Devonian and Silurian. 
The subsequent blocking up of tlie nouthern exit, and changed direction of 
flow, being a phenomenon only bimilar to that which is known to have 
. taken place with the Great Lakes of the St. Lawrence. 

587. The altitude of Lake Winnipeg Ir about 710 feet. That of tiie 
surfkce of the praine on the forty-ninth parallel, 786 feet, the depth of 
the alluvial deposits and drift being unknown. At Fargo, the elevation 
of the surface of the prairie in 900 feet, but that of the 8Ui-faee of the 
underlying Cretaceous beds, afi proved by boring, le only 680 feet, and the 
rod may not have descended in the deepest part of the old Valley. The 
Burface of the ground forming the watei-shed between Travei*se Lake and 
Big Stono Lake — as already »tatcd — ^is only from 960 to 970 feet, and here 
the continuation of the great drift ridge of the Coteau shoald crose the 
Valley. The present surface of the MissiBsippi at St. Paul is 670 feet. 
Prof. Thomas has drawn attention to the genei-al direction of the tribu- 
taries of the Bed Biver ; a« a rule those on the west »ide flow south-ea^t, and 
those on the east sido south-west, tili they appmach the main stream, 
when sorae of them tend abniptly north ward.* This is a sugestive fact, 
as indicating the primitive southera slope of those parte of the hollow 
least enciimbei'ed by drift or alluvium. 

The evidence with regiu'd to the former drainage of the Lake of the 
Woods region, and the course of the tributaries of the Bed Biver, has 
already been fully stated. f 

588. Exactly how the glacial period was introduccd, in the ai'ea in 
question, or by what phenomena it« beginning was marked, it is now 
xery difficult, if not impossible to teil, ^or can any rcliable estimate of 
itsduration be formed, for the eflectofthe later periods has been, notmerely 
to obliterate raore or less many of the former physical features of the coun- 
try, but such as to cover up and conceal those which antecedent glaciation 
may have pi'oduced. Therc is nothing to show, however, that glacial 

•ü. 8. Geol Surr. Territ , 1872. p. 288. 
f Siuoe Uie above wm written, I find that similar oonclusioiw have been arrlved at by Major Oenenl 
O. K. Warren, and publlshed by him aa " An Essay conoerntng importaot Physical Featarea ezhiUted to 
the Vallev of the Minneaota River, and upon their siirniflcation " being i»rt II. of Report on Mioneenta 
River, submitted to Brig. Gen. A. A. Humphreys, Chief of Enginee», Oct 81, 187i. I am fndebted (o 
^MaJ. Gen. Warren for eopies of his essay, to which I would refer, as throwiug ver>' impurtant Ugbt on 
Bome phenomena connected with the glacial period. It is very gratU^ng to find my ooncluaion as to tbo 
former southem outflow of Lake Winnipeg, &c.. bome out by an entirefy independent study of the Mm- 
nesota River, which niust have carried ita waters. I amnot sgree wiUi Gen. Warren, however, in nuJdng 
the fonnation of the great southem outlet poet-gladal [loc eil. p. 8J as I thiuk the evidence of Its prfri^bdd 
formatlon is complete, and that it was after the gladij period reH>ocupied. 
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conditions prevailed for a very long pei*iod befolge that of the greatest sub- 
Bidence, nor do we meet with any phenomena not easily explicable by tho 
action of the waters and ice dnring tho subsidence and subReqnent eleva- 
tion. There is also reason to believe that the elevation took place rapidly 
as compai*ed with the subsidence. 

589. The firat act, then, in the sequence of the cold period, which 
can be definitely recalled by its effects, is that in which we find the 
waters gaining npon the land, and flowing np over a great part of the 
eastem plains. The wide Channel thus fornied along the westem base 
of the Lanrentian region, though it may have existed for some time in the 
form of two deep bays, one opening northwaixi to the Arctic Sea, the 
other southward, and separated by the highland of the present second 
transverse watershed ; must soon have formed an open 8ti*ait between the 
Arctic and Southei*n Oceans. At this period, if not before, it must have 
been invaded by the saltwaters of the sea ; and it was encumbei'ed with 
icebergs which were strewing boulders and finer detrital matter over the 
former surface of the land, and producing the lowest portions of the drift. 
There is no indication on the Laui-entian plateau to the east and north, 
of a great northern ice-cap, such as has been Hup|K>sed to be neeessary to 
account for the glaciation of certain ^*egions. The slopes of the plateau, 
as already shown, are too gentle to account for the descent of 
glaciera from it in the ordinary way except on a scale altogether 
too small to explain the general unifoi*mity and amount of its glacia- 
tion. 1 can therefore only suppoBe that this plateau, or gently sloping 
ridge, of granitic and gneissic rocks ; was covered by a thickness of ice 
sufficient to form a confluent glacier, which by its own weight, rcin- 
forced by the gentle inclination of the rocks, moved foi*ward along 
its whole front into the sea. The subsidence continuing, the condi- 
tions of a sea margin passed in succession westward over each part 
of the piain ; then that of water deep enough for ice of small burthen 
only, and lastly deep water, bearing icebergs of great size. In conform- 
ity with this sequence, we find on the higher levels the lower poiüon of 
the deposittohaveadecidedly local character, and that in ascending in it, 
travellod stones become larger and more fi-equent, while in the superficial 
layers the larger bouldera are most abundant. 

690. On leaving the eastem region, we cease to find in grooving 
and striation, a guide to the direction of the action of the glaciat- 
ing force, and must ti-ust inatead to the distribution of the rocky frag- 
ments. Southwaixi, however, as far as lat. 41° on the Mississippi River, 
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whera CarboniferouA limestones come to the siirikce, they are smootlied 
by the action of ice, and Bhow noi*th-eafit and Bonth-wentstriation, croBsed 
bj scratching in other directions.* Similar phenomena wonld no doubt 
genei*ally präsent themselves over the area of the plains, were there 
surfaces of hard rock to receive and preserve them. 

591. Beaching the level of the foot of the third prairie steppe, the 
edge of which had already been mai*ked out by sabaarial denndatiofi, 
the action of the waves on its baae no doabt rendered it moi« 
definite, and the heavier ioe following them, and gronnding on Ha lower 
glopes, began the depoeition of the Ootean. It may be that the degredi^ 
tion of the Laurentian hüls waft at this time proceeding witii mcreased 
rapidity, bat in any case this deposit, formed in great part of their 
material, must have increased eqnally fast with the depreision of the 
land, and preserved the edge of the Lignite plateau from the destmctive 
action of the wavee. 

592. The avei-age height of the Coteau near the toiy-ninth parallel, 
may be taken at about 2,200 feet ; and above this the higher hammocks 
and ridgeR probably do not nse more than fifty to eighty, or one hondred 
feet. Its Southern extensions have an average alütude of 2,000 feet. 
It is not necessary to suppose that the shore line stood for a long time 
nearly at this level, for the heavier ice masses no doubt continued 
grounding on the edge of the third plateau, even when the waters stood 
near their greatest elevation. The data are perhaps yet too slight for 
generalization, but thei'e appears to be a tendency in the Coteau to 
occupy a somewhat lower level soüthward, which may indicate a less 
Bubsidence in that direction. 

593. East of the Eed River, we find the great drift plateau stretching 
soüthward and westward fVom the Lake of the Woods, with an average 
elevation varying fi-om 1,600 to 1,000 feet; and which, though doubtloss 
everywhere based on the boulder clay, shows in its upper layers a con- 
siderable thickness of roughly stratified sands and gravel, indicating the 
action of rapid and varying currents. • On these rest the scattered boulden 
deposited at a still latcr period. 

594. Probably contempoi*aneous in origin with the plateau just 
referred to, are the terracoö with a level of 1,435 feet, whioh Prof. Hind 
describes at Dog Portage, two hundred miles east of Lake of the Woods, 
on the Lake Superior side of the watershed. These he afterwaräs 



* U. 8. G«oL Surv. Territ, 1870. p. 90. 
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oompares with hig^h-level ^rraces, found on the hüls west of Manitoba 
Lftke, with an estlmatod height of 1,428 feet, and five hundred miles distant. 
We have therefore the most satisfactory evidence of the former depres- 
sion of the land to this extent in the eastem region, and it is difflcult to 
understand by what waters it was covered, if not those of the sea. The 
correspondence in height of thesc terraces, and the plateau south of the 
Lake of the Woods, is remarkable. The height of Methy Portage — 
1,666 feet — ^which according to Sir J. Bichardson's description may be a 
similar drift plateau, with a northwaixl-facing escarpment, also eori*eB- 
ponds; and so, in a general way, does the average height of the Lauren- 
tiau axis, and that of the southern part of the Coteau. Supposing the 
depression to have been everywhere equal, the water must at this time 
have reached to near the foot of the third prairie steppe, on the forty- 
ninth parallel. 

695. On pas^ing« up on to the higher levels of the prairie, we 
eontinae to find pi-oof of the former ac.tion of the sea at yet greater 
elevations. On the summit of the»tbird praiine steppe, with an average 
altitude of about 3,000 feet, debris of Lam-entian and its flanking Silurian 
limestones is found over nearly the whole area; though now mingled 
with a preponderating quantity of Quaiizite drift fi-om the Rocky 
Mountains, and in many cases with a great propoi-tion of softer material 
from the underlying rocks. The river Valleys, and lower levels, fre- 
quently show true tili or boulder-clay, while the summits of the plateaus 
are generally covered with shingly deposits, which may have been 
derived in pai-t from the re-arrangement of boulder-clay, but appear to 
eonsist ehiefly of beaeh material, like that of the flank» of the Rocky 
Mountains, and may have been canied here by small icebergs from the 
mountains themselves, or by shore ice. The larger icebergs, with Lau- 
rentian and Silurian limestone debris, must have drifled to the west or 
south-west with a prevailing cuiTent, bearing the moraine matter of 
glaciera ; while the smaller bergs and floes of the Rocky Mountains, 
came generally eastward with prevalent winds or sui'face cuiTents. It 
does not appear probable that they came directly eaHtward, They may 
have come from the south-east, borne by a superficial current mingling 
with a deep northem fiow, in a manner analagous to the Arctic current 
and Gulfstream on the Newfoundland baiiks; or, perhaps even more 
probably, have floated ft*om the north-west, or posHibly from the north, 
touching here and there on their way on the shores of the Rocky 
Mountain land. 
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596. Fragmente of Lanrentian, and of eastofn limefitone, were met 
with on the forty-ninth parallel, ae far west as longitude 113® 20^, at 
an elevation somewhat oxceeding 4,00j9 feet. Dr. Hector, examining 
a reglon further to the north, did not find the ordinary Laarentian 
erraticä above 3,000 feet, but described a remarkable line of very large 
red granite bouldere, a8 occupying alevel of 3,T00 feet* He ia aneertain 
whether these ma^' have come ft-om the Laurentian or not ; but taking 
into connidei'ation the absenee of gi*anitic i'ocks on the eaatem flanks of 
the mountain» in British America, and the faet that such rocks do not 
occur in place over the entire area of the plains, it is highly probable 
that they are of eastera origin. . 

597. The entimated height of the highest terraces observed, those in 
the mouth of the South Kootanie Pass, is 4,400 feet, and I have litüe 
doabt but that these.are of marine origin. About thirty-six miles north 
of the Line, Lieut. Blakiston measured three ternice levels, and found 
them to be 4,226, 4,176, 4,085 feet, respectively, in altitude above the sea. 
He desoribcs them as " very markod, appearing as a succession of steps 
from the level of the river to the piain above, often in sight for miles, 
and nmning horizontally," Dr. Heotor also measured similar terraces 
at the head waters of the Bow, North Saskatchewan, and Athabasca 
Eivers, and states that they " may be considered as ranging on the east 
side of the Rocky Mountains, from 3,500 to 4,500 feet above the 8ea."t 
He Airther says " until we approaeh close to the mountains, these 
terrace deposits ai'e eonfined to the vallies of the larger streams, but 
gradually they spread out, and at last cover the'whole country aiong 
the baso of the mountains, Alling up the hollows and vallies of the outer 
rangos to a depth of several hundred feet." J " Shingle beds of a similar 
kind are found to cap the Oypress Hills, which have an altitude above 
the sea of 3,800 feet." These hüls, as has been already stated, are without 
doubt an extension of the plateau of the Lignite Tertiary, and the whole 
of these shingle beds and teri-aces belong to the deposit which I have 
called the Quartzite drift. Yet further north, on the upper waters of the 
Peace River, Sir Alexander Mackenzie describes the country as step- 
like or terraced as far as the eye could reach. His voyage was made in 
the year 1793, and though not viewing the country with the eye of a 
geologist, he appears to have made remarkably careful and accurate 
observations. 



• ExpIonUon of BHtish North America, p. S21. t n>id., p. 28S. X Riid.. p. Ul. 
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598. Dr. Hector concludes fl'om the relations of the drift deposits of 
the weHt side of the Rocky Mountains with the Ca8CHde Bange, that the 
depression there cannot have exceeded about 4,000 feet.* The water 
which Btood at this elevation can have been that of the ocean only. and 
though foreign drift is not met with on the Eoeky Mountains, or their 
slopes, it in not to be concluded that the sea waii free fi*om ice ; for at 
■ thia time the eastern granitic region, which had always been the great 
source of eritities, must have been deeply »ubmerged. Its ponderous iee- 
cap may have maintained itnelf for some time after the water was 
actaally above the level of the roeky sabstratum, bat must ere this have 
succumbed. 

699. Dr. Hayden speaking of regions fiirther southward, where the 
elevated plains of the extreme west are higher, and Stretch further 
fi-om the mountains, insists on the same fact. He writes : " As I have so 
often stated in my previous repoi'ts, I have never been able to find any 
evidence in the Eocky Mountain region of what is usually tenned a 
northern drift." f In mentioning the occuiTence of ten^aces on the. 
westei^n tributai*ies of the Missoiui, in the Bocky Mountains, he states bis 
belief in the common origin of these, and those on the westeni side of the 
same ränge, and in the fact that the mountains may have been depressed, 
tili only their highest peaks rose above the waters. J 

600. There is no evidence that this period of maximum depression 
endured long, nor that during the i-e-elevation of the continent, the waves 
acted long at any pai*ticular level ; and though ice, beai*ing debris, no 
(loubt still encumbered the waters, it does not seem necessary to supposo 
that any impoi'tant additions to the deposits took place at this time. 
Some beds which may in part be composed of modified and re-an^anged 
boulder-clay, such especially as those of the thiixi prairie steppe, and of 
the plateau south of the Lake of the Woods, may perhaps, however, owe 
their present appeai*ance to action at this time. 

601. On the reti*eat of the sea, each part of the countiy would again 
become for a short time a shore-Iine, and the rivei*s and streams on the 
emergence of the land, appear in mostcases to have resumed their former 
Channels, and began to re-excavate their beds in the drift material with 
which they had been filled. At one period, as Dr. Hector has pointed 
out, a great bay must have existed, bounded southward and westwai'd by 
the curved line of the Coteau and thii-d prairie escarpment, and north- 

* Exploration of British North America, p. 224. 
t U. 8. a«>l. Sunr. Territ., 1871 p. 05. l U S. Qeol. Surr, Territ.» 1870. p. 174, 
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ward by the high ground bejrond the position of the prwent Saskatchewaii 
Biver. At thin time, the north and Bouth branchea of the Saakatehewan 
formed separate rivers, and divided between them the whole of the 
drainage of the third plateau. Turtle Mountain, and other similar accmnu- 
lations of di'ift, and the high hüls of the Cretaceons, oVerlooking Manitoba 
Lake, foimed inlands or slioals. The edge of the Pembina esearpment 
and the second steppe next becoming the shore, the nnited waters of 
the SaMkatchewan, the Assineboine, and other smaller Btreams, flowed 
eastward into the inlet of Hea-water, occupying the lowest prairie level, 
whieh, as the elevation eontinued, became that great iake of the Bed 
Eiver Valley, the hiBtory of which has been ali'eady trac*ed. There is 
evidence, too, to show that as the Laui*entian region i'ose above the water, 
it was again covered with glaeiera for a short time ; but that theee did 
not last tili the very elose of the submergence, appeara to be shown by 
the veiy fine charäcter of aU the later deposits of the Bed Biver Yalley. 
The few fragments of rocks which are found, being not moro than may, 
with probability, be attributed to the ice of the great Iake itself. 

602. In attnbuting the glacial phenomena presented by the oentaral 
plateau of tho continent, almpst entirely to sea borne ice-bergs, I have 
adopted that explanation which appeai*ed on consideration of the faets, 
to embi*ace them best, and which would account for them most simply. 
In so doing I am in accord with Br. Hector, and also I beiieve with Dr. 
Hayden; who have studied the phenomena most extensively on the 
ground. That some circumstances, however, give at least negative 
evidence against marine glaciation, must be admitted. The most 
important of these is the complete absence, ho far as I have observed, of 
any mai*ine animal remains in the drift. This is found equally over the 
entire westem portion of America, and though it has been supposed to 
show that the drift was deposited in fi^esh water, this explanation does 
not seem to remove the difficulty. It is impossible to imagine a snb- 
mergence so great in amount as to overflow nearly all the barriers, with 
the continued exclusion of salt waters; and though the absence of 
marine sholls is remarkable, on ono supposition, that of lacustrine forms 
is almost equally so, on the other. That moUuscous remains might have 
been prosorved, had they been imbedded in the deposit, is shown by the 
occurrence of specimens of Cretaceous or Tertiary Ostreas. The non- 
occurrence of molluscs in great deposits older than the drift, and known 
to be of marine origin, is, however, an accepted fkct ; and in such conglo- 
meritic beds as those of the drift, it is most fi^uently obeerved. Becent 
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dredging Operations, also, in the yiciuity of the south polar glaciers, 
seem to show the possibility of the deposit of non-fossiliferous marine 
boulder-clay. 

603. The seeond difficulty, is fonnd in the comparatively small amount 
of change, which has been wrought on the extensive area of the plains, 
composed of yielding, scareeiy solidified Sediments, by so vast a revolution 
in physical geography as that implied by the old water marks. This 
objection, however, applies even more foreibly to any general systcm of 
glaciation by a northem ice-cap ; and it is scareeiy possible to imagino 
a mass of ice, like that implied by such a theory, passing south wai*d 
across the sott i'ocks of the plains, against the general slope of the 
coantry, and yet not obliter^ting its pre-formed river Valleys and 
featnres. Such a Continental glacier, too, though it might have been 
loaded with Laorentian debris on its eastem margin, and with frag- 
ments from the Eocky Mountains on the west, can scareeiy account for 
the west and east transport of these matenals for hundreds of miles, 
and their deposit in great quantities in the central region. If such an 
ice mass, be supposed instead, to have moved down at right angles to the 
Laurentian axis, and passed out across the plains in an unbroken sheet ; 
setting aside the difflculty of snpplying an efficient motor power, and 
other minor circumstances ; it will be found necessary to suppose that it 
climbed up and over the abrupt eastern edge of the second steppe, with- 
out destroying it, and proceeded 700 miles westwanl up an incline 
averaging about five feet per mile. 

604. Ml*. Belt, in an interesting paper lately published,* deals with 
similar difficulties in explaining the glaciation of Siberia. The north ern 
part of Asia, sm-rounded on all sides save the north, by mountain chains, 
forms an interior continental basin, covered with " vast levcl sheets of 
sand and loam.'' Marine shells are absent from the doposits, except near 
the low ground of the northem coast, and true boulder-clay is apparently 
not found. Mr. Belt, to account for the facts, resorts to a theory first 
BUggested by him eight years ago, by which he suppose* the existence 
(rf a polar ice-sheet, capable of blocking up the entire northem fi«ont of 
the country, and holding back its waters to foi-m an immense fresh-water 
lake. Prof. N. H. Winchell, in an article in the "Populär Science 
Monthly,' of June, 1873, broadly accounts for the glacial phenomena of 
the North-west, on the supposition of a polar glacier. His illustrations 
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ai*e chiefly bormwed from a careful study of the region south of the 
groat lake8 of the St. Lawrence, b;:t as he include8 the valley of the fied 
Eiver, and the entire North-wcst, in his dediietionö, iU» mention here may 
not be inappropriate. The most nuggentive pai't of the paper is that in 
which — like Mr. Belt — he traces the ueceHsary pi-oduction of a great 
Inland 8ea, or lake, as the foot of nuch an ice-uheet as that Bnpposed, 
gradually rctreats northwaixl down an inclined plane. 

605. Ingenious a8 thiH hypothe.^ii» andoubtedly is, itä inapplieabllity to 
the phenomena and physieal featnreb of the region now under considera- 
tion, muHt be at once apparont. The groat depth to which aubmergence took 
place i« one of the moHt patent difficulties. Fi-om the description of the 
Bed River Valley alicady given, it will be evident that the entii-e drainage 
of the great lake mußt have paHsed southward by it. There iß here ivi 
ränge of moantains to be ci'ossod, and unlesB the retj^eat of the glacicr 
was very rapid, no reason can be aHßigncd, why a Channel once foiiued, 
ßhould not have been cut down through the gentle swell of the wateiijhed, 
and remained the permanent exit of tlie drainage of the country. Again, 
the dißtribution of northern erratics in line» fixed by the altitade of the 
country, and their equal spread ove:* the central and marginal i*egion8 of 
the plains, and the interpenetration of the easteim and westem drift, do 
not ailmit of explanation on the 8up}K>Bition of a ßouthward moviiig ice 
ßheet ; nor doeB the Bui*face of the countiy show auy tracc of the progroBB 
of Buch a niaBB. The whole question in a very intcresting one, and it 
would Bcem probable that a Bolution once aiTived at, will be found to 
apply equal ly to North America and Northern Asia. 

Post-Glacial Phenomena* 

606. The exiöicnce of a period Ghai*acterized by great rainfall, or 
2)luvial period, has been veiy generally supposed for the West. Such an 
event- may probably have Bupoi*vcned at the end of the ejxxjh of glacia- 
tion, but it would seeni that much of the evidence brought to prove its 
occurrence ia not of the most unexceptionable natui-e. 

607. Chief among the phenomena which at fii-st sight secm to imply 
the action of large bodicH of rnnning water, are the great vallias whiüi the 
Htreams of the prairie country, themBclve« oflen bo insignificant, have 
produced in the yielding Bti*ata. These vallies, like that of the Pembina 
River, are sometinics more than three hundrcd feet in depth below the 
piain, and over a mile in width; and are frequcntly depresaed more thau 
one hundred feet below the general aurface. The atrcam geuei-ally occu- 
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pies but a veiy nanx)w strip of the bottom of the Valley, aiid winds often 
in the most tortiious manner from side to side of its level floor. It is 
nsoally the first idea of a titivellery.that a great rivei* ha« occupied the 
Valley at eome former time, and completely fiUed it. A little considcr- 
ation, however, serves to modify this belief, and it is very generaUy found 
on examination that the comparativelj'^ puny stream by i*eason of its lor- 
tuous chai'acter, is still in some places excavating and nndermining the 
banks of the main valley . Evidenco is also found of the constant chango 
of the Position of the stream in the flat valley bottom, and places may be 
seen, where the excavations of late years are being covered by a sod 
of grass. Given only time enough, and the foi*mation of these great 
txoughs in the prairie, is accounted for by forces still in Operation. 
There are Valleys, it is truo, which do not show any erosion of their 
sides now going on, and in which the imm^iate hollow of the 
stream is deeply.cut, and a condition of comparative equilibrium 
attained. Some of these, may re(|üire for their ^xplanation a poriod 
of greater rain ; but at a certain stage of devolopement, every valley 
is apt to fall into this state, if the flow of water be not actually 
increasing. 

608. The Valley of the Souris River, givos some excollent illustrations. 
Near Wood Bnd it is of an average width of about one fourth of a mile. 
The stream is quitc small, and in summer baroly runs from pool to pool, 
between tl^e stones of its bed ; yet it is found, that at almost every convox 
bend, the banks are scai-ped and bare, and ai'e year by year being undor- 
mined. For about six miles, the river preserves the same character, and 
then joins, almost at right angles, a larger old valley, about a mile wide, 
in which there is no flow of water above the place of junction, Here, 
though there is abundant evidence of the changeable nature of the river 
bed, in the presence of lagoon-like ponds, the banks are comparatively 
ruinous, and covered with Vegetation, and are seldom approached by 
the sti*eani. 

609. The rivers are proved to have frequently changed their 
courses, and great Valleys oceur in which little or no present waterflow 
take^ place, but which may once have cai'ried imjwrtant streams, now 
di verteil. Prof Hind has shown that the South Saskat^heVan probably 
flowed at a former period by the great valley now occupied by the 
Qu* Appelle, and Eiver That Tiirns, to the Assineboine.* If the pai*t of 
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tho Valley separatiiig the 8oai*ces of the Qu' Appelle and River That 
TumH, hns not beon hcightcned vory considerably by the accnmulation in 
it of debris fix)m it» sides, the South Saskatchewan most have cat 
down its present bod, since its oceupation, about eighty-five feet, Prof. 
Hind aUo bolieves that the Sotuns Biver flowed sonthward at one tarne 
throngh the great dopression now occupied by the Back Fat Lake«, and 
joined the Pembina Eiver, a fact which may assist in explaining tbo for- 
mation of the great vallcy of the latter. Such changes of bed may have 
arison fi*om 8ome general alteration in the inelination of the country, and 
it iö porhaps worthy of remark, that both the instances cited, show change 
from couraes easterly and southerly, to north-easterly ; and Buch as wonld 
be brought about by a slight elevatory movement of the transverae 
watershed in the vicinity of the forty-ninth parallel, or an increar e of 
depression northwaixl. * 

610. One of tho most remarkable instances met with of thit» sort 
of change^ is that of the disused secoiftl valley of the Sonris, near ita first 
intersection with the Line. The old valley lies to the east of the present 
one, and is separated from it by about two miles of praiiie. They are 
about equally wide, and depressed about 90 feet below the general snr- 
face, though from a barometric comparison, the valley of the preaent 
sti*eam appeai's to be from ten to eighteen feet below the disusod one. In 
the old Valley, the course of the sti-eam is still discemable, and is occnpied 
in some places by small, and somewhat saline pools. 

611. Another sü'iking instance is found in the Great I>ry Oonlfe, 
which joins the valley of the Milk Eivei', a few miles north of the Line, 
and, accoi'ding to Palliser, extends north-westwai^ to the junction of the 
Bow and Belly Bivers. About equidistant f^*om the Milk River and the 
latter locality, the valley contains a large saline lake, known as Peekopee. 
It would appear that the watei's of the Bow and Belly must at some time 
have passed thus to the Milk River, and if this is the case, a north ward 
diversion of the water must have taken place here also. 

612. The so-ealled Riviere des Lacs^ which crossos the Lineat the 227 
mile point, also seems to occupy the bed of a former stream. This sheet 
of water, whei'e itMs intersected by the Line, must benearly thi'ee quarters 
of a mile wid^, and is not foitlable. It occupies thebottom of a valley, and 
18 over fifly feet below the prairie level. North waixi, it extends abont 
four miles, becoming gi-adually nairower, and ending in a broad, dry 
cmilde, which shallows and dies away in a strip of boulder-covered ground, 
which Stretches northward towai'd the Souris River, five miles distant^ 
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and 18 somewhat lower than the general sarfaceof tho plain. Soathwai*d, 
it is aaid to extend about seventy miles, and finally to join the southern 
bend of the Sooris Biver, where it gives issue to a Binall ranning stream. 
The present condition of afTairs, however, will not serve to explain its 
formation, nor does it resemble the bed of an old tributary to the Souris, 
from its sudden north ward ending, and the absence of Systems of coul6es 
ramifying from it. It may be accounted for by supposing that it has 
been a foimer shorter Channel of the Souris itself, bat in that case, either 
its northern end most since in some way have been blocked up ; or the 
rirer being dammed back in its own Channel, has spread over the prairie 
in a lake-like expansion, which has finally found exit southward by the 
Biviere des Lacs Valley. The valley occupies just the position, which 
such fiood water wonld take, and bends round the most eastem portion of 
the high ground, rising toward thethird praii*ie steppe. 

613. Yallies such as those above described, appear, from the accounts 
of different explorers, tooccur in many paii» of thegreat prairie region,* 
and though some of them may tend to show the action of gi*eater bodios of 
water than those now fiowing in them, they cannot all be accounted for 
in this way. It is difficult to conceive any ordinary circumstance, which 
woold cause a stream to leave a wide valley, often over 100 feet in depth, 
and to commence the formation of a new Channel of like propoi*tions. 
The blocking of the stream by ice jams, or accumulations of timber, 
though capable of explaining change of course in invers flowing through 
alluvial country, not much below the general level, cannot be supposed 
to be a sufficient cause for deflexion on so great a scale. A careful study 
of these phenomena, over great areas, may eventually bring to light some 
general cause, such as local, or unequal, elevation or depression. At 
present I can only account for these duplicate vallies, on the supposition 
that most of them are alternative Channels, of the sti'eams at present in 
existence. In a level region, composed of soft materials, it is probable 
tbat since the rivers first fiowed across its surface, they have been subject 
from ice and timber, to frequent obstruction in cei'tain places. Before 
the river bed had been deeply worn into the surface, the stream might 
thus easily be tuiiied aside ; and befoi*e many yeai's, a similar occurrence 
in the new Channel might cause it to revert to the old. By such oscilla- 
üon, a Single river may cut out two or more beds simultaneously, and to 
nearly an equal depth. Some of these gi'eat dry vallies, may again 
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become rivor Channels, but in mo»t oanos they Hoom to have been 
now long cÜHUsed, This ra&y ariao oithor from a grsidual decrease in the 
amoant of flowing wator, and in tho intensity of tlie spring floods ; or 
from an inci*easing scamty of timbor capable of forming obetructions, in 
the regions traversed by the streams, which seemK on other groands to 
be mideniable. 

614. The Ked Biver is still not far bolow the level of its boitiering 
praine, and from the fixed elevation of its out-fall in LakeWinnipeg, cannot 
be lowerihg its bed appi*eeiably, though the boitlenng prairie is no doubt 
gradually gaining somewhat in height from the Sediment deposited in 
seasons of flood. The coui*8e of the river is exceedingly tortuoos, and 
it is yearly becoming more so. An examination will show that all the 
concave sides of the bends ai*e being eaten away by the stream, and the 
stunips of old half-bm*ied oak, and elm trees, being tkore exposed ; while the 
opposite, or convex sides are almost invariably gaining by tho addition of 
banks of sediment, which as soon o» they are fbrmed ai'e taken possession 
of by thickets of young willows, and Consolidated by their roots. When 
this process has been carnod to an extreme, it is naturally remediod by 
the breaking of the water across one of the nan'ow necks separaüng 
two of the bends, duiing some period of excessive flood, and the foi-mation 
of a new course. I do not know of any very modern instance of this, but 
old portions of the river-channel, may freqiiently be observod forming 
ponds and small lakes on ihe prairie, sometimes more than a mile from 
the present sti-eam. These, like the pai*ent river, may be fHnged 
with trees, and ai*e generally surroundod by a dense growth of reeds, and 
filled with rank aquatic Vegetation. 

615. The floods of this river, arising from the melting snow in spring, 
are intcnsified by its northorn course; the soui'ccs being broken up and in 
flood, while the ice at its mouth is still quito firm. Extensive ice-jams 
ai*e apt to form, and a small increase in the elevation of the water 
above the banks, serves to ovei-flow a great ai'ea of 'countiy. The 
silting up of tho mouth of the river, may also, as has been suggested, 
have something to do with the i'ocurrence of great floods at somewhat 
regulär intei*vals, and may requii*e some such natiu*al paroxysm for 
its remedy. 

616. The Systems of ramifying couldes with gently sloping grassy 
banks, but with neither brooks nor regulai* stream coui*ses, when seen 
during the dry weather of summcr, may seem to require for theii* expla- 
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nation somo aqueous agency more potent than tho present, and appear to 
resemble the disused beds of large tributary streams. To any one, how- 
ever, who has examined them in early spring, and during seasons of flood) 
their origin is apparent. The whole thickness of the soft prairie alluvium, 
is then coinpletely satnrated with moistui*e, and the coul^es are brim- 
fuU with water, holding in Suspension a great quantity of fine earthy 
matter, and flowing with a regulär, though geutle and often scai-cely 
perceptible eurrent, towaixi the main stream. At their extreme i-ami- 
fications, little sti'eams may be found, gathered together almost imper- 
ceptibly from the half-flooded surface of the prairie, and directed into a 
certain course— perhaps by means of snow-banks, which have not 
yet entirely ditfiappeai'ed — and just engaged in cutting thi-ough the 
tough prairie sod in the first process of the extension of the valley. 

617. During the post-glacial emergence of the country, eveiy stream 
must at one time have flowed, as the fied Biver now does, into a great 
lake not much below its own level, and have been in the same way, more 
or less subjeet to floods and overflows. Many of the coul^s now found 
boMering the river vallies in the higher prairies may date back to this 
time, and may not have since received important incremert. 

618. An examination of the beds of the rivers and streams, whilo 
probably leaving some balance in favor of a period of greater rainfall, does 
not appear to offer any evidence of its great intensity. Other 
facts seem to point to the occurrence of a period when the rainfall was 
greater than at present, and it would even seem that a 
gradual dcssication is yet proceeding over great ai'eas of the 
West. This does not appear, however, to be more than can be 
accounted for by the decreasing area of forest — a subjeet elsewhei*e 
more fully montioned. It is hai-dly probable that the prairies as a 
whole have been at any time wooded, but that large areaH of forest have 
existed where bai*e plains now spread, . is undoubted. The existence in 
some places of great quantities of the remains of land and fresh-water 
Shells in the older riveir deposit of the Missouri, which now occur rarely 
if at all in the neighbouring region, has been mentioned by Dr. Hayden j 
and seeming to imply for the Upper watens of that river at no very 
distant time, a considerable forest ai*ea, is one of the most striking 
fac'ts in favour of a chango of climate. Any veiy great or long 
continued excess of rainfall over the prairie region is, however, 
negativod by the appearance which \in suiface pi'csents, and 
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especiaily by the existence of large areas which Hince the drift 
pei*iod have never developed ^ysteins of drainage Valleys, and yet retain 
with little modification the iri*egalai* appearance of the original surftce 
of the driit deposit, and are dotted with nomeroas ponds and lakes 
without ouifall. The pre-glaciul Btreams too, choked up along the odge 
of the third steppe by the drift of the Coteau, and which have since 
been onable to clear their Channels, give evidence of ihiskind. 



CHAPTER XL 

CAPABIUTIES OP THE REGION WITH REFERENOE TO 

SETTLEMENT. 

RioioN IN THK YiciNiTY OF THB XjAKM of tem Woom — AfeM cftpable of cnltinktion 
— Buren region — Vegetation of the lake — Rsgion bktwken tum Lake of thk 
Woods akd Red Riysb Prairib — Country in the vicinity of the GoYem- 
ment Road — Country bordering on the Reed and Roeean Rivers — Heisht of 
Land Muakeg— Thk Rbd River Praibis — Soil, and nature of the snnace — 
Measnre of agricultaral capaoity — Wood — Glimate— Proffreas of the spring 
here and at other points in the FertUe Belt — RainfaU— Wator mpply — 
Country of the Segond Prairie Steppe — ^Pem^ina Eecaipment — ^Western 
margin of the great ^una — Turtle Mountain — Timber — Country in the 
vicinity of the Souris River — Meteorolo£[ical oycle — Country of the Third 
Prairie Steppe — Plateau of the Tertiary-^Eastem limit of buffialo — Bis 
Camp of half-breeds — Fertile Belt at the base of the mountaina — ^Timber m 
the mountaina — CUmate of the Third Steppe. 



619. In this chapter it is propoeed to ezamine briefly the nature 
of the country in the vicinity of the 49th pamllel ; with regard espe- 

. cially to its adaptability. for settlement and agrlculture, and its 
superficial features. The nature of the sorface, however, depends so 
closely on the underlying rocks, and especially on the drift depoBÜs, 
where these are largely developed, that much hag already of necessity 
been given, which might properly be incladed here. It \b not 
intended to go over tay of those general points which have received 
notice, but merely to touch on those which have not yet been men- 
tioned, using the material of the foregoing chapters as a subfitratum. 

Lake qf the Woods Region. 

620. A very small proportion of the country immediately sur- 
rounding the Lake of the Woods, is at all suitable f5r agricultural 
settlement. The northem and eastei-n shores ai*e entirely composed 
of ban'en rock, and though Valleys in this district — ^and especially in 
the part of it occnpied by Huronian rocks — may be found of better 
appearanoe, the soil will probably be sandy and poor. Fine timber 
of fair growth occurs in some localities, but forest fires have already 
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denuded great areas of both ti'ees and soil, leaving only tho bare, 
rounded, i-ocky sabstratum of the cquntrj. 

. 621. The areas capable of cultlvation ai'e chieily Ihose based on 
the low ten-ace level, which has already been deseribed. Lacrosse 
Island, and othor islands, and sheltered bays, show consldemble remnanttn 
of this terrace. It also forms the flat git)und Bun*oanding the North- 
west Angle, and has there been cultivated to a small extent, the 
Indians growing patehes of maize, which thrives well considering 
the small amonut of attention given to it. Wheat, I am informed, has 
been sown as an experiment, and succceds well. Potatoes yield 
excellent crops, and all tlve ordinary vegetables and cerenls would 
doubtless flourish, with cai'eful farming; were thei*e sufficient induce- 
ment for tlleir cultivation. The same teiTace forms some flat land 
in the chain of large Islands of Sand-hill Lake, and it is also exten- 
sively developed on both sides of Eainy River, and fi'om the accounts 
of Prof. Hind and others, would appear to run a long way up that 
stream. Westwaixi from the mouth of the river, and forming the 
northern shore of Minnesota, it extends for about ten miles, and thoagh 
generally swampy, has an elevation sufficient to admit of di'ainage, 
and sustains a fair growth of elm, poplar, cedar, spinice, and birch. The 
eastern front of BufTalo Point, pi-obably belongs to the same teiTace, 
though considerably higher than elsewhei*e. Its surface is dry and 
clad with a thick growth of poplar ijmd birch. Kit-Organe-mmSy or 
Garden Island, has been from time immemoriul cultivated by the Indians 
of ^the lake, and in one of their graat meeting places and head quarters. 
Its area must be from one to two 8quai*e miles, and though I was 
imable to visit it, it appears from a distance to be level, and to suppot 
a fair growth of tiniber. It is now almost deserted. 

622. All these localities are based on the old plateau or teiTace level, 
a former lake bottom ; and the soll where I have examined it, is composed 
of fine sand and calcareous debris, deficient in vegetable matter ; which 
when it oceurfl, is apt to fonn a peaty accnmuhition on the surface. 

623. The greater part of the southern and western margin of the 
lake is utterly useloss, and a more forbidding and desolate i*egion can 
scarcely be imagined. The immediate border of the lake, is hcre formed 
by a low ndge of sand, often blown i^to miniature sand-hills, but some- 
times bound together by the roots of various grasses. Behind this 
margin is very generally a streich of grassy swamp and lagoon, of a 
mile or two in width, and bordered in the distance by a forest of 
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tamarack (Larix Americana) growing on a scarcely less flooded soll. In 
some places, low, swampy savannah fronts directly on t^e lake, and this 
I have Seen fringed after a gale, by a belt many feet in width, of 
bit)wn vegetable pulp, equally impossible to walk on, and impassable 
for the eanoe. , On other parts of the coast, on gaining the summit 
of a peaty bank a few feet .in height, which is bi*eaking oif ander the 
aetion of the waves, an expanse of swamp, with small dead tamarack 
ti*ees, Stretches as far as the eye can reach. 

624. In the shallow water of the lake, a lai*ge species of rush abounds, 
and is used by the Indians for making mats. The root is also eaten at 
certain seasons. Where the water is qoite shoal, and in reaches pro- 
tected from the fall force of the waves, the roseau grass {Phragmites com- 
munis) Covers great areas. It does not appear to be tough enough for 
the raanufacture of paper, and I do not know any other polypöse to which 
it can be applied. The wild, or Indian rice (Zizania aquatica^ — m^i^Urmin 
of the Chippeways) does not occar abundantly in the southem part of 
the lake, so fai* as I have seen, bat must gi'ow laxuriently in some parts 
of the northeiTi division, and especially in Lac Plat, where the Indians 
collect large qaantities of the seed in antamn, for winter use. The plant 
appeai*8 to thrive best, where growing np through several feet of water in 
sheltered lagoons and inlets, and certain areas fol*merly noted for its pix)- 
duction, have of late yeai-s, fi-om the higher level of the water, become 
unprodactive. Scarcely safficient attention seems to have been given to 
this native grain. Growing far to the north, in areas altogether ansuited 
for other crops, it seems to afford a prospect of utilizing great regions of 
lake and swamp, othei-wise irreclaimable. Its gi-owth might no doabt be 
encouraged by the ase of proper precantions, and impi-oved varieties 
result fi-om careful selection. The grain, thongh dark in colour, is 
palatable, and the straw is now Coming somewhat extensively into* use in 
the manufacture of paper. 

625. Many of the less deeply submerged swamps would yield largo 
quantities of natural hay. Those in the vicinity of the Nortlf-west Angle 
are ali-eady made to fumish hay for the stock kept there, which though 
rather coai*se, it is found to be nutritious. < 

626. The flora of the country surrounding the Lake of the Woods, 
closely resembles that chai-acteristi^ of the Laurentian region, north of 
the St. Lawrence Biver, and diffei-s from that of the prairie country to the 
we8t. A few western and southem forms, however, occur in association 
with those of eastern and northem aspect. The raajority of the forest 
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trees are ooniferoos, and from the swampy character of the conntry, the 
tamaraok is perbaps most abandant. The cedar {T%uja occidentaUs) was 
in a few place» observed, forming groveB of limited extent. The red 
pine, Banksian, or scrub pine, and white pine, (Pinus resinosa, P. 
Banksiana, and P. strobuSj) also occur where the ground is dry, and 
especially on the sandy ridges separating the Bwamps ; bat not in very 
lange groves. All the oixlinary eastem spruces and firs are also repre- 
sented. Of deciduous trees, the poplar is most common, and generally 
reprasented by the aspen or baisam poplar (P. tremuloides and P. 
balsamifera) willows of many species form thickets in the swamps and 
along the edges of the woods. Elm, oak, bii*ch, and the ash-Ieaved 
maple, also oocnr sparingly. 

627. The climate of the region immediately bordering on the Lake 
of the Woods, is mnch improved by it. The shallow expanse of water 
becomes beated by the i*ays of the sim, and in July and Augast was very 
generally found to have a tempei*atare of from 70® to 75° Pahi-enheit. 
Early frost» are thus prerented, and the nights, which at a like elevation 
on the prairie west of Bed Biver are frequently cold, are here, as a rale, 
delicioosly balmy. Should land for agricultm^al purposes ever become of 
value in this region, a gi*eat area of the bottom of the lake might be laid 
dry, at comparatively small expense, by removing the rocky barner at 
Bat Portage, the water being thus lowered about eighteen feet. 

Region between the Lake of the Woods and the Red River Prairie. 

628. West of the Lake of the Woods, is an extensive wooded, and 
very generally swampy region, which extends to the eastem edge of the 
alluvial prairie of the Bed Biver. Where crossed by the road from the 
North-west Angle to Winnipeg, the wooded region is about sixty miles 
in breadth ; on the foi-ty-ninth parallel, about seventy-five miles. On tiie 
northem line of section the character of the country is as follows ; — ^Prom 
the North-west Angle to Birch Creek Government Station, is for the most 
paii; thickly wooded, bat almost a continuous swamp, with here and 
there a rocky or sandy ridge rising above the general level. H ach of the 
soll woald dry up if the woods wei-e removed, bat appeared to be sandj 
and poor, and of little or no use for agricultural purposes. There is mach 
tall, bat slight, pine timber, suitable for railway sleepers, bat not of mach 
ttse for the saw mill. The sand of the ridges is generally of yellow fwra- 
ginoas colour, and the gravel, when it occurs, is chiefly of small limestone 
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fragments. Ten miles east of Birch Creek, is the watershed swamp, 
here known as tbe Carlbou Muskeg. It is a flooded Bavannah, of 
perhupsy a mile and a half in width, and is an extension of the swampy 
watershed region, crossed further south. From Birch Greek to White 
Menth Biver, the suilßEice slopes gently westvvard, yet more than half the 
area is occupied by swampe. The dry ti'acto are covered with a sandy 
seil, which thongh wami, is too light to attract the agricultnralist. 
The Banksian pine aboands. From this place to Broken Head Biver, and 
thence to the edge of the wooded i*egiou, near Point du Chine, the snrface 
is not so wet, but still shows nnmerans swamps ; and the soil in no place 
compares f^vorably with that of the pi*airie to the west. 

629. An examination of the southeiTi part of the region lying west 
of the lake, was made by crossing it by the Beed and Boseau Bivera ; 
the former, a small stream flowing into the Lake of the Woods, the latter, 
inoscolating with it in the watei-shed swamp, is one of the lai'gest tinbu- 
taries of the Bed Biver. The route thus indicated, in the main nearly 
follows the Boündaiy-line, thongh a considemble portion of the Boseau 
Biver, and the whole of Boseau Lake, lie a short distance south of it, and 
in the noHhern part of Minnesota. The ci'ossing was effected in the 
latter pai*t of August, 1873, with two men, and a Single ' three fathom' 
bai*k canoe ; and from the waters of the lake to those of the Bed Biver, 
occupied nine days; much delay arising from obstructions by diifb 
timber in the rivers, the State of the portage on the height of land, 
and the bad rapids on the lower part of the Boseau Biver. The i-oute 
though long known to the Indians ; and used by the Chippeways and 
Sioux as a war-path betwecn their respective counti*ies, has remained 
almost wholly unknown to explorers. Pi-of. Hind, and Mr. S. J. Dawson 
had intended passing by this route to Bed Biver in connection with the 
Assineboine and Saskatchewan Exploring Expedition, in 1857, but were 
tumed back by a large force of Indians collected on Gaixlen Island. 

630. On entenng the mouth of the Beed Biver, a sand-bar is crossed, 
the water on which is, appai'ently, not more than four or five feet deep. 
The lower portion of the river itself, for about four miles, is both wide 
and deep, and not very tortuous. Near the mouth, it passes through a 
gi-assy swamp, and for some miles the shores continue swampy, though 
generally covered by bushes and small trees. Beyond this the river, 
though still deep, becomes naiTOw and tortuous, and retains this chai*ac* 
ter throughout its upper part, which for several miles before reaching the 
source is oflen not more than sixteen feet in width. At the same time, 

18 p 
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the cuiTent becomes much sti-onger, though not aasuming an^iJiing of 
the character of a rapid. For about two and a half miles from the begin- 
ning of the nai*ix>w poi*tion of the river, in a general south-westerly course, 
the banks rise several feet above the water, and support a moderately 
good growth of aspen and baisam poplar, with some oaks, and a few 
tamaracks. Most of this higher gi*ound has, however, been biu*ned over 
years ago, and the greater part of tlie timber thus destroyed. The »oil 
is rather retontive, being composed of a fine, grey, sandy clay. Beyond 
this, and to its souree, the 8ti*6am is fringed by grassy swamps, bordered 
at a Short distance by a dense growth of tamarack, scarcely, if at all above 
the level of the water. The cun*ent, however, is still strong, and the 
stroam, though very naii'ow and tortuous, remains ditch-like and deep. 

631. On appi*oaching the east end of the Portage the tamarack first 
retreats further from the stream, and the lattor remains merely bs a 
narrow rut among the reeds. The bottom of the swamp, though here 
covered by a few inches of water and deca^ed vegetable matter, is hard, 
and firm, and eonsists of fine whitish arenaceous clay, of such a nature a» 
to be almpst eompletely impermiable to water. It bore becomes necessary 
to track the canoe with ropes, and for a few hundred yaixls the swamp 
was found so shallow, that it was best to lighten tlie canoe, and portage 
the stuff by band. On thus entering the Muskeg Portage Swamp, the 
tamanu^k trees become small and Bcattei*ed, and soon romain only in 
isolated gi*oves, standing out like islands in the grassy expanse. After 
passing the shallow edge of the swamp, above described, which may be 
about half a mile in width, it becomes soft^er and deeper, and is entirely 
composed of peaty matter and soft swamp muck, in which in some places 
one sinks from knee to waist deep, and often no fiim bottom exista for a 
depth of five or six feet, and probably much more. In some spots Bmall 
fishes were seen among the gi*asg. In the softer pai*ts, gas arising from 
the decomposing* vegetable matter, buoys up portions of the sod, which, 
however, easily sink under any weight. 

The surface of the swamp is usually grassy, but some extensive 
patches of Spircea bushos occur. Ledum latifoUum, or Labrador tea,* 
Sarracenia purpurea, the pitcher plant, and Andrameda polifoUa, also oc<^ur 
abundantly; Lobelia Kalimi, ParTUissiaCaroliniana,a,ndI)roseral(m^folia, 
were found in flower. 

632. The sourco of the North-east Rosean River, is six and three 
quarter miles fVom that of the Beed River, in a south-westerly direction ; 
but the track through the muskeg deviates considerably in some place», 
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to avoid tamarack groves, &c., and increaaes the actual distance wfaich 
raust be paaaed over in taking a canoe from one river to the other. On 
approaching the source of the Boseau Biver, the swamp again becomes 
shallow and haixl-bottomed. The stream, as at fii-st found, i» a riunnel 
scarcely wide enough for a canoe, but falling westwaixl with a swifl cur- 
rent. The height of land muskeg, judging from the line of levelling on the 
forty-ninth parallel — abont six miles south — and from the current of the 
Beed Biver, cannot be more than ten or twelve feet above the Lake of 
the Woods. It has all the appearance of having been at one time a shal- 
low lake-basin, with a haixl bottom of diift material ; and has been gradn- 
ally filled by the growth and decay of vegetable matter. 

633. I believe that this and other swamps of the region of the water- 
shed, might yield important supplies of peat fuel to the woodless prairie 
country to the west. The peat would, of coui-se, require to be manufac- 
tored by one of the processes now employed olsewhere, and advantage 
might be taken of the upper part of the Boseau for its shipment. The 
peat here found must be pretty pui'e, though not formed by the accumu- 
lation of the Sphagnum or i)eat moss, bat from grasses and other aquatic 
phffinogamia. 

634. The North-east Boseau, is at firat narrow and tortuous, like 
the Upper part of the Beed Biver, and the sun-ounding country is swampy 
and covered with tamai*ack, and willow bushes. The banks soon, howevor, 
begin to rise higher, and poplar becomes the prevailing wood. Fino 
oaks, elms, and ash-leaved maples also fringe the stream. The forest 
retains this character as far as Boseau Lake, and where small o])enings 
oecur, rose bushes, asters, convolvulus {Cdlystegia sipium) wild hop (Hu- 
miUus lupubis) the prickly cucumber (Echinocystis lobata) and high-bush 
ci-anbeny ( Vibumum opulus), fonn a tangled thicket. 

635. About threo miles fi-om the source of the river, and two-and-a- 
half from its croasing with the forty-ninth parallel, a tnbutaiy neai'ly as 
large as the main stream enters from the north. A few miles above Bo- 
seau Lake, a second large stream comes in from the south-east, and may 
be calle<l the South-east Boseau. The banks of this pai't of the river are 
usually high, and are as much as fifteen feet above the water lovel where 
it crosses the Line. As far as can be seen from the edges of the river, 
the land continues in most places dry, and supports a good growth of 
timber. For several miles before reaching Boseau Lake, however, the 
dry banks merely fonn narrow ridges at the sides, and open grassy swamp 
lies both north and south of them, The whole upper on North-east Boseau 
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river is at presentmuch encumbered by jams of drift timber, and beaver 

dams. 

696. Boseau Lake, ib a shallow expanse of open water in the midst 
of a great region of reedy swamp. It ]ieR abont fonr miles south of the 
Line. The East Boseau enters at its southem part, and the West Boseaa 
flows out on the same aide, at less than a mile distant firom it. 

637. The upper pai't of the West Boseau Biver, for about ten miles 
following its coui-se, has banks sufilciently high to snpport a small growth 
of poplar, oak, and wiliow bushos. The treesthen disappear, the curront 
becomes much moi*e shiggish, and the river enters the Great Boseau 
Swamp. This vast muskeg is absolutely without trees or bushes of any 
kind, but is covered by a rauk gi-owth of gi-ass and roeds, and interspei-sed 
with small ponds and lagoons. The distance through the swamp, 
following the courae of the river, which is exceedingly tortuous, must 
be at least twenty miles. For a few miles before reaehing the forty- 
ninth pai*allel, the river is again fringed with trees — oak and elm being 
abundant. 

638. A Short distance south of the Line, and before ro-crossing it, 
the first Island oceui^s, and bouldcra become plentiful in the bed of die 

* river, which, though unencumbei'ed and deep from Boseau Lake to this 
point, now becomes shallow and rapid, and so continues tili the border of 
the Bed Biver prairie is reached. The banks aro high throughoui, and 
this belt of country, about twenty miles in width, is of much improved 
appearance. The sub-soil is of gravel and fine sand — as ali-eady noted in 
connection with the drift deposits — and most of the sm*face is dry, though 
largo swamps still occnr. It is partly of a prairie character, but is 
broken up by extensive groves, which are usually of poplar. The soil, 
though lighter than that of the Bed Biver Valley, shows in some plaeee a 
considerable depth of vegetable mould ; and would l)e warm and oasily 
worked, and bring crops rapidly to maturity with careful cultivation. 
The presence of so much limestone debris in the drift, has a ikvoorable 
influence. 

Poplar, oak, and elm, attain a Isaso size along the margin of ihe 
river in this part of its course. 

639. In this region of oak and poplar * openings,' thei*e is, to some 
extent, a mingling of eastern and northem woodland plants, with those of 
the plains. East of the edge of the true prairie land, the coniferous 
foi-est comes to an end, in about longitude 96° 30' ; and coniferous trees 
are not again found in any force — ^with the single exception of the moun- 
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taina known ad the Three Buttes — tili the immediato flanks of the Bocky 
MoantaiBB aro reached 

640. The West Boseau Biver woald seem to be navigable by steam 
launches, or stem-wheel boata of light draught, from the fied Biver 
neai'ly to its intersection with the old St. Paul and Grany i*oad. Fi-om 
this place to its crossiug of the forty-ninth pai'allel, it is baii*ed by the 
rapid» abovo mentioned, which, fi'om their shallow and boulder-strewn 
character, are difScult of navigation, even in a bark canoe. Fi*om a poiiit 
a few mlles Bouth of the Line, a small steamer might pass through the 
Boseau Swamp and Boseau Lake, and possibly ascend the Easi Boseau, 
nearly to its intersection with the forty-ninth pai-allel. 

641. Of the wooded country betwoen Lake of the Woods and the 
margin of the Bed Biver prairie, a comparatively small proportion thoro- 
fore appears to be fit for cultivation, though much of the surface could be 
reclaimed at small expense. The areas formerly oecupied by small lakes 
show better soil than the ridges and higher grounds, which are generally 
Sandy or gravelly. The chief present value of the region would however 
seem to be as a i*eserve of fuel, and timbor for construction, for the more 
fej*tile prairie land bordering the Bed Biver. A large quantity of valuable 
red pine {Pinus rmnosa) lumber has been cut dui'ing the last few yeare on ^ 
dry ridges near the Pine Biver, which runs into Boseau Lake from the 
noi*th ; and similar pine-bearing highlands, will probably be found in 
other parts of the area. The timber cut on Pine Biver, was floated into 
Boseau Lake, and thence by the West Boseau Biver, to Bed Bivor. It 
therefore passed for a portion of its course through the northorn part of 
the State of Minnesota. The Boseau, and prabably also the Bat Biver, 
may be used in the conveyance of fire-wood to the- Bed Biver countiy, 
should the demand requii*e it. 

The Bed Biver Prairie, 

642. Of the alluvial pmirie of the Bed Biver, much has already 
been said, and the unifoi*m fertility of its soil cannot be exaggerated* 
The surface for a depth of two to four feet, is a dark mould, composed of 
the same mateiial as the subsoil, but mingled with much vegetable matter. 
Its dark colom* is, no doubt, in part due to the gradual accumulation of 
the chai*red gi-asses lefb by the pi*airie fires. The soil may be said to He 
ready fbr the plough, and in tuming the tough thick prairie sod, the first 
year, a crop of potatoes may be put in, though it is not efficiently broken up 
tili it has been subjected to a winter's frost. When the sod has rotted, 
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tho Boil appoai*» as a light friable mould, easily worked, and most favor* 
able for agriculture. The marly alluvium- underlying the vegetable 
mould, would in mo8t countries be con8idered a soil of the best qnality, 
and the fertility of the gi-ound may therefore be conBidei^ as practically 
inexhauBtible. ' 

643. The area of this lowest prairie has aiready been approximately 
stated as 6,900 Square miles, but of this the whole is not at present snited 
to agriculture. Small swamps ai'o scattered pretty uniformly over its 
surface, and in some places very large ai'eas of swampy land occur, as 
will be Seen on reference to the largo map of Manitoba lately pubüshod by 
tho Government. The greater pai*t of these swamps, are, however, so 
situated, as to be easily drained, either into the Red Eiver or some of its 
tributaries, which are usually depressed thirty to forty feet below tLc 
level of the sui*face. At pi*esent the swamps in the vicinity of the Settle- 
ments are made to yield supplies of natiu*al hay ; and until hay-grass is 
sown and rogularly cultivated, the * hay-swamps ' will eontinue to be a 
necessary pai't of the economy of the settler. The wide ovei'flow of these 
swamps in the spring, when the season is wet, or when the dissolution of 
the wintor's snow takes plaee very rapidiy, is shown by the lai^e area 
often found to be strewn with the dead Shells of fresh-water molloscs, 
ehiefly of the genus Limncea* 

644. As a measure of the possible agricültural capacity of this great 
Valley, take one half of the entire area, or 3,400 square miles equalling 
2,176,000 acres, and, for simplicity of ciilciilation, let it be snpposed to be 
sown entirely in wheat. Then, at the rate of 17 busheis per acre — which, 
aecording to Prof. Thomas, is the average yield for Minnesota — the crop 
of the Red River valley would amount to 40,992,000 busheis. 

645. The wooded area of this lowest prairie steppe is quite small. 
The Äed River and its tiibutai'ies are fringed with ti'oes, of which oak, 
(^Quercus macrociirpa, var») elm, {Ulmus Americana) poplai', (Popu^t» 
tremuloideSf &c.) and ash-leaved maple, {Kegundo aceroides) are the most 
abundant. In some places the ti*ees attain a large size, and the oak 
woods boixlering many of the streams are espccially beautiful. Much of 
the best timber has, however, aiready been culled out, and it is yearly 
decreasing, without any systematic atterapt for its preservation. The 
steamers running on the Red River are among the lai*gcst consumers. 
Away from the immediate boixlers of . the streams, the prairie, though 
covered with a luxuriant sod, is absolutely treeless. It-is fortunately the 
cabe, however, that the Red River Valley is bordered on the east by the 
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forests already dedcribed, and on the west bythe wooded diötrict of Pera- 
bina Mountain and its noi*th£rn extensions. 

646. The climate of the Eed River Valley, like that of the whole 
interior of the continent, is an extreme one, the eold of winter being 
exceedingly severe, and the heat of the summer season also excessive. 
The coui*8es of the sammer, and winter isothermal lines aci'oss the conti- 
nent, do not require notice here, as they have already been ably discussed, 
and laid down as fai* as the observations now at command allow. It 
wonld seem, however, that between the Laurentian highlands on the east, 
and the Bocky Mountains, a great sammer wave of warmth passes far to 
the north, reaching its highest latitude near the easteioi base of the 
latter ränge ; while in winter a compensating and long-continuod flood of 
cold air invades the whole rogion of the plains, and the eastern and 
weatom flanking rangos. 

647. The watershed between the Eed River, and the St, Louis and 
other streams flowing into Lake Superior, forms a pretty well markod 
climatal line. The influence of the lake, and the high wooded ground 
f9iTning a pai*tial barrier to the north-westerly winds, renders the autumn 
in the latter region wai'mer ; while in spring the ice accumulations of 
the lake, and wdöded eharacter of the surrounding country, keep the 
temperature mnch lower than in the Red River Valley. The tompe- 
rature of the Red River country, liko that of the prairies generally, 
depends veiy closely on the dii*ection and origin of the wind, though in 
yeara to come, when great regions of the plains have been planted with 
trees, much amolioratiou may result. A single instance — though an 
extreme one — ^may be mentioned. On the 8th of May last year, a sti'ong 
south wind raised the temperature at Dufferin to 100° F. At Wiimepeg, 
60 miles further north, the temperatui'e was 94*5°, the mean tempera- 
ture for the month being 52-52®. The Red River Valley, as the lowest 
ti'ough of the interior region of the continent, would also seem to serve as 
a Channel of eflux for the cold northerly winds in spring ; for immediately 
on passing out of it, and up to the level of the second steppe, the Vege- 
tation was found to be slightly, but distinctly, more advanced. 

648. The foUowing notes taken at Dufferin in the Spring of 1874, 
will illnstrate the advance of the season, and serve for comparison with 
other localities : — 

April 15. — General sarface of the prairie free from snow, and in Bome places already 

?uite dry, though frozen below. Coul^es holding large snow-banks. 
'ondfl beginning to open. Ducks observed, and several of the smallcr 
birds of passage. 
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April 24.— Plonghing commenced, but groimd still parily frozen. 

25.— First frog heard. 

26. — Many dacks, geese, and craues, flying northwaid. 

27. — Quito a concert of small birds in the thickets for the first time. Buds of the 
earlier willows and popla» bursting. 

29. — Flies and Mosquitoes becoming abondant. Frogs noigy. 

ifay 1. — Grass beginning to look a little green in swampy hoUows. 

* * 8. — First thunder 'Stonn. 

" 9. — Most of the willows, and the aspen poolar {PopuluB irtmololde») in füll bloom. 
Also elm, ( Ulmw Amerkana) tjniAe^vw. maple, (Negumh aeeroides). 
Sweet Goltsfoot (^iV^ar(2o«mia mgUlaia) in flower. First Strawbeny blosaom 
found (Fragaria Viryiniana, ) 

10. — Grass beginning to assnme a general green tint. 

18. — Mosquitoes troublesome for the first time. Many geese fiying overhead, 
with a favoaring south wind. 

21. — Grass in hollows, where the ground has not been bumed over, now forming 
pretty good feed ; where the fire has passed last automn, thongfa very 
ffreen, still quite thin. Oeum triflorum^ abundant in some localitied ; in 
füll bloom/ Aivemone palm*, inmanyplaces with seed already forming 
sepals having fallen. Cor ex Douglasie Banunaäua rhomboidetu, in fim 
flower. 

" 22— The common blue Violet (Viola eucullata,) in füll bloom, abondant Viola 
pedata^ V. GanatUnsitt and V. pubejseen»^ jnst in flower. The Service- 
bernr ( Ainelanchier Canadenais) Choke-cherry [Prunus Virginiama) 
Wild Red Oherry {P, Pennsylvanka) Wild Flum (P. AmerieanaJ ; just 
abont to bloom. Poplar groves showing green. 

649. A referenee to the catalogiie of plant» will servb to continae this 
record, thoagh after the above date, the observations for 1874 refer to the 
country west of the Eed River Valley. The plantH in flower in June, 
1873, can however be found by referring to the list. 

650. The following libt give» the arrival of 8omo of the more impor- 
tant birds in the spring of 1874 : — 

BirtU arriving previous to April 16th» 

Corvua Amrriccmus, — Common Crow. 
Eremophila alpestria. — Homed lArk. 
SpizeUa inonHcola, — TreeSparrow. 
Plecirophanes Lapponieua, — Lapland Long^par. 
Circus Hudaonius, — Marsh Harrier. 
Faleo eohmbaring. — Pigeon Falcon« 
Accipiter /u8cu8, — Pigeon Hawk. 
Junco hyemcUis, — Blfu;k Finch. 
'^ CoUurio bareeUi» — Great Northern Shrike. 

ScoUcophagtu ferrugineus — Rusty Grackle. 

April ISth to WtK 

Anas hoßchas — ^Mallard Duck. 

Querquedula Carolinensi» — Green-winged TeaL 

Turdus migrcUoriua — Robin. 

Agekens phcmiceus — Bed-winged Blackbird. 

Totanua melanoleucus — Greater Tell-tale. 

^gialitis vociferua — Kildeer Plover. 

OcUUnago WiUomiF Snipe. 

Colaptes (turatu8 — Gk>lden-winged Woodpecker« 

Paasereüa tUaca — Fox Sparrow. 

Regulus calendulus — Ruby-crowned Kinglet 
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April tOth U> SStK 

Mergui euadlaitu — Hooded Mergsmser. 
Spaiula eUfpeala — Bhoveller Dack. 
Bucenhala aJbeoia — Buffle-headed Duck. 
Dtnarceca caronata — Yellow-crowned Warbier. 

April 26 th io SOth, 

FuUea Americana — Goot. 
€hru8 CanadensiB — Sand-hill Crane. 
Dof}JUi metUa — Pin-tailed Dnck. 
Mareca Americana — Widgeon. 
FuUgula marüo— Scamp Duck. 
Boiaurus minor — Bittem. 
* Ceryle alcyon — Kingfisher. 

Stumeüa mtigna — Prairie Lark. 

XarUhocephalus icterocepKalw — YeUow-headed Blackbird. 

The remaining birds appeared rapidly afler this time. 

May 8ih — AnUro&tomua vociferus — Whippoorwill. 

May 17ih — TrochHus colubria — Ruby-tnroated Hununing Bird. 

May 17th — Ectopüfles migraioriuB — ^Wild Pigeon. 

651. Observations comparable with tbose above given for the Ked 
Eiver Valley, are on record for three points on the Saskatchewan Rver, 
appix)ximate to various parts of the * fertile belt.' 

652. Sir John Bichardson compiled the record for Cnmberland 
Hoase, from which the following extracts are selected, from bis owd 
observations, in 1820, and thoee of Chief Factor Lewis, in 1839-40*. 
Cumberland House is situated in abont lat. 54^, long. 102*^20 ', or west of 
the Northena end of Lake Winnepeg. 

Ajiril 7. — Crows {Corvus Ameritanus) seen. Not tili April 19th, in 1820. 

8. — Snow-birda {Pketrophanea nivalia) seen. 

9 — A Merganser seen, 1820. 

10. — Willow catkina beginniiig to bnistk 

12.-'Gee8e and Swans seen, 1820. In 1840 not seen tili SOth. 

13. — ^Bnds of Populus haXsamifera bursting 1820. 

17. — Ploven, Grackles, and Orioles seen» and on the foUowing day, Gana- 
dian Jays, and Fly -catchen, Fr«^ croaking. 

*' 20. — Coltsfoot {Nardowma paJmata) flowering. Sap flowing in Ash-leaved 
maple {Negundo aceroulM,) 

" 26. — Alder flowering. 

May 1. — Anemone patens in flower, leaves not yet expanded. 

2. — A fall of snow to the depth of two feetb 

13. — Planting potatoes. 

14. — Sowing barley, 1820. Negundo aeeroidesj and gooseberry bnshes in flower. 

17. — ^WillowB, gooseberries, and Aspen (Populm tremuloides) in leaf, 1820. 
In 1840 the trees only bursting tiieir buds at this time. 

24. — ülmus Americanus flowered, in 1820. 

25. — Prunus Penneylvanica^ P, Ttr^iniana, and Amelanchier in flower. 
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The Spring of 1840 would appeai* to have been a remarkably late 
one. Allowing for thiH, the intlications of the advance of the sea^on, 
coiTespond very closely with those at Ihiiferin ; leaving only a day or two 
in favour of the latter, though Cumberland House lies over 300 miles 
further north, and 220 fui'ther west. 

653. At Carleton House, in lat. 52° 52', long. 106** 15', the progress 
of the spnng is illustrated, by tlie foUowing memoitinda of events, com- 
piled ft-om Sir J. Kchai-dson's obsorvations in 1827,* and Mr. Bourgeau^s 
botanical notes in 1858.t 

March 13. — Sparrow Hawks, (Fako sparverius) arrived.and on the 17th several migra« 

tory small birdii notic^ 1827. 

•* 29. — Large flocks of Snow-birds [PUetrophanea nivalis), 1827. 

Aprü 1. — Maoy Fringillid« seen, and on the 2nd, Swans arrived, 1827. 

" 4.~Sap flowing in the Negando, 1827. Not tiU April lOth, 1858. 

" 6. — Geese, Kildeer Plover (MgialitU vociftrus) and seTeral amall birds arrived, 
1827. 

12.— Alder gathered, 1858. 

\Z,^Ämmonf. patens, 1858. In 1827 not tili April 22nd. 

14.— Foor inches of anow feil, 1858. 

18. — Bads of Poplan, Willowa, &c. Bwelling, 1858. 

22. — Robins (Turütts migrcUorius) and the Butcher-bird {CoUurio borecUis) seen. 

27.— Frogs began to croak, 1827. 

28.— Sand hill Granes [Grus Canademns) arrived, 1827. 

May 1. — The Prairie Lark {SturneUa rnagna) appeared. Last flocks of Pkctropkanes 
nivalis left for the north, 1827. 

*' 2. — Red-winged Black-bird {AgeUeus phcmiceus) and Rusty Grackle [Scolecoj^ia- 
gus /errugineu»)f 1827. 

*' S,— Phlox Hoodii in flower, 1858. ' (On the 4th, 1827), also Popultu trernuloides, 
P, hcdsamifera, two species of SallXy and Corylus Aniericantu (The latter 
with C. rostrcUa, flowered on the 7th, 1827), JS^iäsetum arven^ 1858. 

" 5. — Manuncultu rhomboideus, Viola debiUs, ^ardosmia palmata^ and several 
Carkes flowered, 1827. 

*• 6. — White-bellied Swallow {Ta^hyeintta bicolor) taidmany GuUe, arrived, 1827. 
More species of Salix ; two species of Sheperdia, and Negundo, flowered 
1858. Shtj}erdia Canadensis, and Negundo, flowered on the 9th, 1827. 

7. — AndroMO-cey Viola Canadensis, Fragaria Virginiana, Astragalus (probably A, 
caryacarpus), &c., 1858. Becurvirostra Aviericana arrived 1827. 

12. — Thermometer feil to 14*5° F. during the nisht, and nearly all the plante in 
flower frozen, and tiie season thrown ba^ 1858. 

19.— VioU NuttnUiana, flowered, 1827. On the 20th, 1868. 

20. — Amelanchkr Oanadensis, Betula papyracea, 1858. 
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It will be observed, on comparison, that the progi-ees of events at 
Cai'leton House in distinctly in advance of that in the Eed River Valley 
in 1874. The dilfcrence, however, does not 8cem to bo more than a week, 



* Loe, eil , p. 288. f Exploration of Britlah North Ajoierioa, p. »2. 



CAPABILITIE8 WITH REFEBSNCX TO 8ETTLEMENT. 283 

and considering the generally admitted retardation of the spring of 1874, 
may be less. 

654. Still further weet at Fort Edmonton, in lat. 53^ 31', long. HS*" 
IT', the progi*e88 of Vegetation in the spring of 1859 has been observed hy 
Mr. Boorgeau. The dates at whieh the more impoi*tant plants bloB- 
somed are as foUows : — 

Jprü 22. — Hazel (Coryltu Amerieana.) 

« 28.— Wülow (Siüiz 2 ap.) 

** 20.— Alder (Ahus.) 
May 2. — Poplar {Populus tremtUoidet.) 

<< 8. — Other species of Salix. Fopolus baUamifera, 

" 17. — Strawberry (^Fragaria Virginiana) Ranunculus rhomboideut, EquUeium arvente, 

" 18. — Wild Cherry, Antennaria margaritaeea^ Violet (Viola Canaderuii.) 

" 19. — Shepherds'-purse (Capeeüa bursa-pagtoria.) 

'' 20. — ^Red Ctirrant (Ribes rubrum) Viola blanda, and Androtaee, 

Comparing this with the spring of 1 8*74, at Eed Eiver, though the order 
of flowering does not in some cases exactly agree, it would appear to give 
an advantage of afew days to Edmonton. A direct comparison of the 
dates for three years at Cai'leton, with those of 1859 at Edmonton, shows 
only a day or t wo of difference in favour of the former. The comparisons 
are based chiefly on the times of flowenng of the plants, wfaich are 
more trustworthy than those of the arrival of the birds of passage. 

655. Too bi-oad generalizations on the results of a few seasons would 
be nnwise, especially as the years do not correspond, but enough is 
known to prove the remarkably uniform progress of the spring along 
the so-called * fertile belt,* which, passing north-westwaixi from the Eed 
River Valley, nearly foUows the Saskatchewan to the Eocky Mountains, 
and will be the first region occupied by the settler. From the data now 
at command, I believe that the diiference in advanee of the spring 
between any of the above foui* stations, is not so great as that obtaining]at 
the same season between the vicinity of Montreal and that of Quebec. 

656. The Eed Eiver country does not agree with the greater area of 
the westem plains in showing a rainfall scarcely sufficient, or altogether 
too small for successful agriculture. With regaixi to the Westem States, 
those who have examined the matter veiy generally concur in stating 
that beyond the 99th or lOOth meridian agriculture is impossible unless 
inigation be adopted. Thore are, of course, special small areas not in- 
cluded in this general condemnation, but there is probably also at least 
as great an area of the region east of the 99th meridian, which 
does not receive sufficient rainfall. The Statements conceming 
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tho Dature of the woBtem territories south of the Line, have pasaed 
through so many phases, that it is important to know that there ifi a 
a pi*actioal limit to the tide of settlement in that direction. Since it has 
been discovei'ed that a great part of this region ig not of the natorc of the 
typical deeert, as had been suppoeed, there has been a tendency, aided by 
the Statements of interested railway and other companies, to elevate it to 
the imaginaiy position of an agricultural coanti*y. Now, however, that 
the crucial test of experience is being applied» and syslematic meteoro- 
logical observations ai*e being obtained, it becomes evident that if settle- 
ment foi* agricultural pui*po8es is to pass the 99th meridian, it mnst do so 
slowly, and strengthening its advance by irrigation and arboricultore. 
The great area based on Cretaceous No. 4, wouid appear to be abeolutely 
irreclaimable. 

657. In estimating the least necessary amountof rainÜEtll for tho snp- 
port c^ cereals, so many circumstances occur to compUcate the subject, 
that it is often difficult to aiTire ut any very exact conclnsion. Chief 
among these is the distiibution of precipitation with regard to varions 
seasons. In ordinary eircamstances, only that rain which falls during 
the spring and snmmer, when the crops are in the ground, is of Import- 
ance. Much, however, depends on the nature of the snbsoil, for, where a 
considerable thickness of poix)Us material is based on imperviooa rocks or 
elays, with a nearly horizontal, or slightly basin-shaped sorface, a part oi 
the autumnal and winter precipitation, and especially the flood-watcr of 
the melting snow in spfing, may also be countedon. Many considerable 
ai'eas of prairie eountry are thus sitoated. The general water level has 
in some casos been asoertained to be not far fix>m the surface, even in Übe 
aatomn, and the moistore rising by capillary attracüon preventft the 
entire desiccation of the surface seil. The nature of the soil here entera 
as an important factor. 

658. It is stated by fioossingault, however, that in Egypt, where no 
rain falls during the period of growth, that the distribntion of seventeen 
and one-third inches of water over the surface, during the season, of one 
hundred and fifby days, suffices to bring the crops to maturity. The 
gronnd is here water-soaked to begin with. In India, in a season, of the 
same Icngth, sixteen and one-third inches of iirigation water nre dis- 
tributed, the rainfiill making the amount up to nineteen and one-half 
inches. The evaporativo eifect of the air of the western plains ie no 
doubt usually less than that in the countries above named, rendering a 
somewhat smaller quantity of water necessary. 
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659. Prof. Thomas eetimateB the rain&ll for the Spring and Sammer 
monthBy on the weitem portion of the plains, at only '7'34 inches ; the 
deficiency of which will at once be apparent, whether compared with the 
estimates given above ; or with the rain fallin other and better known 
regions. Döring the same penod, New York receives 23 inches, Cincin- 
nati 25, Missouri 26, Michigan 18.* At the town of Winnipeg, the 
avei'age fall of rain during the spring and summer months, derived fi*om 
the observations of the three past years, is 15-96 inches. 

660. The foUowing detailed table of rainfall at the last mentioned 
locality, for which I am indebted to Prof. Kingston, gives a better idea of 
its distinbution throughout the yeai*, and it will be appai*ent that the 
greatest precipitation takes place at the seasons when it is most required 
for agriculture. 



Year 

1872 
1873 
1874 


• 

1 

0-00 
0-00 
0-00 


• 

0-00 
00 
0-00 


• 

43 


• 

<3 


• 

1 


* 


1 

1-62 
3-65 
307 


lg 

< 
1-85 

1-17 

3-36 


1 
1 

7-25 
2-22 
1-73 


1 

1-55 
0-02 
0-04 


1 

> 
o 

0-00 
0-00 
0-00 


1 

i 


a 


• 

o 

s 

1 

1—4 


Total 
Precipitation 


0-25 
0-00 
0-45 


1-50 
0-87 
0-02 


3-80 
2-38 
1*99 


3-80 
3-37 
4-35 


0.00 
0.00 
0.00 


21-62 
13-58 
15-00 


8.57 
3.51 
3.29 


30.19 
17.09 
18.29 



The precipitation in the Bed Biver Valley would appear to be least near 
the Botmdary-line, as at Pembina the average for three years is stated to 
be 13*16 inches. In 1813, it was 14*185 inches, against 11*09 at Winne- 
peg, while at Fort Abercrombie, 180 miles south of the forty-ninth 
parallel, it was about 15*5, and at foil: Wadsworth, 50 miles fbrther 
south, 29*45 ; the average for five years at the latter place being 18*95,t 
or probably about the same as at Winnipeg. 

661. Prof. Dana's general means of total precipitation for different 
areas of the continent may be compared with the above. It is estimated 
thät the eastem portion of the continent, fh)m the Gulf States to 
Labrador, including the greater part of New England, New York, and the 
Atlantic States, and Tennassee and Kentucky ; rcceive 40 to 45 inches or 
more. Michigan 30 inches. A large part of Ohio, Indiana, Illinois, 
and New York, towaixl the St. Lawrence, 33 to 40 inches. Begions be- 
yond the Mississippi, 25 to 15 and 10 inches. 



« See Prof. Thomas in U.S. Oeol. Surv. Territ.. 1870. 
t'See Major FVuquhar^ Report on tb« Red River. 
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662. It wonld appear not only on theoretical gronndB, but as the 
reeult of experience, that the rain-fidl of the Red Eiver Valley, awiKted 
by the water remaining in the noil fi'om the spring floods, is as a 
rule amply sufficient for agricnltaral pnrpoHes. 

663. The question of water Bupply, seemed nome years ago a difficult 
one in the Eed River Valley. Great ai^eas of level and fertile piuirie, lie 
fkr fix>m any Btream, or are only ti*avei*8ed by coal^es, which dry up com- 
pletely duiing the summer. The stnicture of the country renders the 
existence of surface springe almoBt an impossibility. This apparent dif- 
ficulty is, however, being Bolved in the moet satigfactory manner ; as it is 
found that there are few regions where ordinary wells of moderale depth 
do not Bucceed in finding ample sapplies of water ; and this not only far 
removed fh)m the rivers, but in their immediate vicinity, though the 
water level of the ßtream may lie considerably lower than that of the 
bottom of the well. The rather impei*viou8 nature of the prairie 8ub- 
soil, renders it probable that these well» are suppUed either by inter- 
ealated coarser layera, or, — as appears to be more likely — by water circu- 
lating in ÜBSures ; which formed onginaliy by the cracking of the Boil 
at the Biirface, often peneti'ate itB homogeneouB mass to a conniderable 
depth. 

664. The snccess of artesian wells, at Winnipeg (§ 577) also tends to 
show that no apprehension need exist, with regard to water sapply. Water 
is there formed in a gravelly Stratum lying above the boulder-elay, and 
has, I believe, Hufiicient head to form flowing wells. It is further probable 
that a second water-beaiing stmtum might be reaehed by continoing the 
boring through the boulder-clay, to the more poix)U8 Stratum which 
uflually intervenes between it and the solid rock. 

665. Por the supply of the shallower wells first refen'ed to, the water 
ifl no doubt mainly derived from that which falls during the wet months, 
on the surfaco of the prairie itself The water obtained by the artesian 
wells, howevor, has not this source, and comes from below the most 
tenaceous beds of the alluvium. It is introduced, no doubt, at the edges of 
the more permeable layers where they eome to the surface east and west 
ofthe alluvial valley. That there must necessarally be a considerable 
Underground circulation of wat«r, is rendered evident on inspeeting the 
region near Pembina Mountain. The gaps worn in the front of this 
escari)ment, are oecupied by strcams, some of which drain considerable 
areas, and are not dry even in the latter pai't of the summer. All these, 
except a few of the very largest, where they debouch on the low-level 
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piain, occapy coul^s at sonie depth below its geoeral surface, which, 
however, gi*adaallj die out, the stream at the sarile time disappearing. 

Country of the Second Prairie Steppe. 

666. The extreme western margin of the Eed River prairie, in the 
vicinity of the slope of Pembina Mountain, is diversified by groves of 
oak, which Stretch out from its base ; and would no doubt, be much more 
extensively wooded, but for the constant recuirenee of prairie fires. The 
front of the escai-pment, and its summit, forming the edge of the second 
prairie steppe, are in some places thickly wooded, and always show ex- 
tensive patches of timber. Ther forest-covered ai'ea increases north- 
westward. In the vicinity of the Line, the woods owe their preservation 
to the protection against fires afibixled by the broken nature of the edge of 
the e8cai*pment, by the great valley of the Pembina Biver, and its Systems 
of tributary couUes, and to the frequent occurrence of patches of swamp. 
Poplar is pi-obably the most abundant tree, though even after ascending 
the escarpment, groves of oak are found. The wooded region has, 
however, in all localities suffered much from local fires ; most of the trees 
at present living are small, while traces of a former heavy forest growth 
frequently appear. 

GG*J. In öome places pretty extensive prairie areas occur between 
Pembina Escai-pment, and Pembina Biver, and with the exception of a 
few localities, neai* the edge of the escai-pment, where the Oretaceous 
clajrs are near the surface^ the soll is of excellent quality, and differs from 
that of the Bed Biver Valley by the addition of a considerable proportion 
of Sandy material. Swamps are here pretty thickly scattei*ed, and some 
of them attain large dimensions in spring. Those parts of them which 
are permanently wet, however, bear luxurient cix)ps of natui*al hay- 
gi^ass, and the genoral aspect of this region is favourable. 

668. On Crossing the Pembina Biver, the eastern . margin of the 
great treeless piain is entered on. No woods now appear, except those 
fonning narrow belts along the vallies of the streams, and soon, even the 
smaller bnshes become rai*e. The shrubs met with are genemlly stunted, 
from the absence of shelter against the wind, and the frequent passago of 
prairie fii'es. The little thickets consist, according to Situation^ of dwar- 
fish snow-berry (^Symphoricarpus occidentalis) Spircea, roses, and wil- 
lows fringing the small swamps and pools. The motallic-leaved silver- 
beny (Ekeagnus argentea), compai*atively rai'e in the Bed Biver Valley, 
DOW begins to occur in abundance on the drier ai^eas. In the last 
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week of May, 1874, the common flowering plants on this eastem pari of 
the first prairie steppe/ were ; Viola cucuUata, F. pedata^ RanttnctUus 
rhombaideuSy Anemone pateng then going to Boed, and the whole pmrie 
covei'ed with it8 hrownish woolly heads; Qeum triflorum, found most 
abondantly near the edge of the escarpment, lese common westward ; 
Astragalus caryocarpus^ becoming rapidly more abundant westward, Ätah 
naria plantaganifoUa, Lithospermum caneicenSj first blossoms. 

669. The undulating chai*acter of the praine between Pembina 
Escarpment and Turtle Mountain, and the occasional occurrence of stony 
and gravelly hilloeks, has received mention in the chapters on the drift. 
With referenee to the soil west of Pembina Biver, nearly the same re- 
marka apply as to that east of it. It is feHiie, though not so deep or 
inexhaustible aß that of the Bed Biver Valley, and rests on a gravelly, 
drift sub^oil. Swampy bottoms bearing a good growth of hay-gi*a89 
abound, but their area is quite small as compared with that of the dry 
gronnd. Toward the end of the summer, most of these swamps dry up 
completely, and extensive regions are then without other water Bupply 
thau that derived fiK)m the streams and rivers, which lie in deep vallie^, 
and ai*e often far apart. I do not think, however, that difficulty 
would be found in obtaining water, by wells sunk in any of the lower 
parts of the prairie. The rainfall of this region is probably slightly less 
than that of the Bed Biver Valley, but appears to be sufficient for agri- 
cultural purposes. 

670. It seems pi'obable that at a period not very remote, a great part 
of this district was oovered with forest ti*ees. The humidity of tho soil 
and climate is sufficient for their growth, and in some places, little hnm- 
mocks, resembling those formed in a forest, and known as ' cradle hüls* 
were observed. On approaching Turtle Mountain, the tendency of this part 
of the prairie to reclothe itself, is shown by the occuiTenco of thickets 
of seedling poplars on the sheltered sides of the undulations, wherever 
the fires have not passed for a few years. Between Pembina Biver and 
Turtle Mountain, and especially toward the latter place, the deep narrow 
paths, or ruts, made by the buffalo when travelling, are still quite appa- 
rent ; though the animal has not been known so far eaat for many years. 
They have here a remarkably uniform north-west and sonth-east 
direction. 

671. The water of the swamps and ponds of this part of the prairie 
is generally sweet, but one distinctly saline lake was seen* It had not 
the thick fringe of grasses and sedges of the other ponds, and here, for 
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.the ürat time, tho Salicomea waa met with in some abundance. Thero 
were also many dead Shells of Linmeea, and Planorbis parvus ; but who- 
ther these mollascs lived in the saline water, or were washed thither 
from some neighboring swamp, I was anable to determine. 

672. The extont and general contour of Tui*tle Mountain have 
alreadj been described in another connection (§ 511). Forming as it 
does, a more or less thickly wooded aroa, which may be estimated.as over 
300 Square miles, it cannot but be a valuable nucleus for the utilization of 
the surrounding treeless plains; semug as a supply of fuel and building 
material, and as a refuge for wintering stock, which during tho suminor 
has been heixied at large over the prairie. Though the elevated and 
brokea area of the * mountain ' is pretty nearly equally divided by the 
Line, the noi-thern half is more uniformly covered with woods, and pro- 
bably embraees two-thiitls of the forest area. There are also large i*egions 
of the so-called mountain, which, though more boldly undulating than 
the prairie, show good soil, and will eventually be clearcd for agriculture. 
There ara indications that this wooded area receives a mueh more copious 
rainfall than that of the surrounding country. The ' mountain * is now 
the head quartera of a large band of Sioux Indians, many of whom were 
concerned in the Minnesota massacre. They ai*e a rather good looking 
and well-disposed race, and derive a moderately comfortable subsistence 
from hunting the moose, wapiti, &c. 

673. The wood is chiefly poplar (P. tremuloides, P, balsamifera, &c.) 
Oak (Quercus niacrocarpd) howevcr, oceui*s abundantly along the margins 
of the forest, and foi*ms groves on the ridges, or grows interapei'sed with 
other trees. White birch (ßetula alba) is abundant, though not foi*ming 
large groves, and black birch (^. lenta^ also occui*s. The ash-leaved 
maple, or * box eider ' (Negundo aceroides), and the elm ( Ulmus Ameri- 
canä) are also found, the latter attaining considerable dimensions in 
some of the moi*e sheltered vallies. The lai*gcst )X)plai*s obsei*vod must 
have been over two feet in diameter at the base, and of good height. 
The average »ize in many groves is about oighteen inehes. The oak and 
birch are seldom over two feet in diameter, and the latter are genej-ally 
much less ; but growing in thick masses, and very tall. Most of the 
swamps are grassy, and would yieM excellent hay. They are generally 
fiingüd thickly with willows of diftorent spccies. The underwood is 
composed of hazlos (Corylus Americana)y choke cherries (Prunus 

Virffifuana)y thorns (Cratcegus c^ccinea)^ roses, raspberrios (Rubu& 
strigosus), &c. Peas and vetches are abundant, and occur with the firo- 

19 D 
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weed (Epilobium augustifoliufn)^ and varioos speciee of Solidago and 

Aster, 

674. Fires are evidently of frequent occurrence, and sweep over the 
aroas where a Bufficient depth of vegetable matter, and peaty Boil, bave 
acüumulated ; thns preventin^ the trees fi*om obtaining a large average 
size, and favouring the spread of the poplar, and other species of rapid 
growth. Sorae cases were noticcd, however, where a fire passing quickij 
through the wood», had been sufficient to kill nearly all the poplars, 
while the oaks had eseaped, owing to the protection afforded by their 
thick bark. The young growth on bumed aroas is generally of poplnr, 
forming dense, and Bometimes almoHt impeneü'able thickets of naplings. 

675. The streanis flowing northward from Turtle Mountain, whieh 
dui'ing the summer ai*e very small, fall into White-water Lake, aboiit 
seven miles distant. The lake appears to be a large sheet of water. but 
is ßaid to be very shallow, and suiTounded by an extensive swampy 
region. 

676. Westwaixl from Turtle Mountain the prairie rapidly loses its 
abmptly undulating charactor, and becomes almost perfectly level before 
reaching the Souris Eiver, at the 170 mile point. There are, however, 
still many shallow, basin-shaped hollows, which must be fiUed witli watar 
in eai'ly spring, but soon show a fine tall gi-owth of swamp-grass ; which 
in the autumn was found in many places to stand considerably higher 
than a hoi*se*» ba^k, and contrasts strikingly with the short crisp sod of 
the surrounding prairie. The vegetable soil is not very deep, often only 
six or eight inches, and is somewhat light and sandy, but is based on 
whitish marly drift, which foiins a good subsoil. 

677. A few miles east of the first intei*Bection of the Line and Sonris 
River, the first stone circles marking the foi'mcr positions of Indian sktn 
lodgesy or tepees, were obsei-ved. West ward these circles are very abund- 
ant, and mark every spot favourable for camping ; but eastwaid, though 
Buitable stones strew the surface in many places, they liave not been 
used. 

678. The Valley of the Souris River is here nearly a mile wide. It 
includes some flat and very fertile alluvial land, and a limited quantity of 
timber — chiefly elm — ^is found along the imme<liate banks of the stream, 
and is massed in fine groves on the peninsulas fonned by its devious 
windingH. 

679. The region between the first and second crossings of the Souris 
River by the Line, about fifty miles in width, presents features similar 
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to those of that last deecribed. It is gentlj undulating, with a soll which 
is in aomo placeB, perhap», rather thin and gravelly ; bat which is deeper 
and richer in tho vicinity of the North and South Antler Croeks — ti'ibu- 
taries of the Soiiris. Along the valley of the South Antler, a good belt 
of trees extends for many miles. The aurface is everjrwhere covered 
with a strong »od of short gi-ass. The only ßhrub growing on the geno- 
ral suifacd of Uie prairie is the Ekeagnus, which forms little thickets 
searc^ly two foet in height. The Vegetation of this part of the second 
prairie steppe, appears to be slightly in advance ofthat of the Eed River 
Valley. In the early pai't of September, 18*73, the Liatris, still showing 
bloom in the latter region, was here found past flowering, and with soed 
well advanced. This may arise as much from the warm aud dry chai'ac* 
ter of the soü, as fi*om aiiy absolute difference of temperature. 

680. The Souris,at its second crossing, flows in a valley with rounded 
grassy banks, somewhat narrower than before, and with the immediate 
bed of the stroam proportionately deeper. It is still well fiinged with 
wood, and continues to be so as far as Wood End — 262 mile point — or 
about eighty miles by the course of the stream. On the night of the 8th 
of June, last year, a frost occurrod in this valley. Thegrass was covered 
with a light hoar frost, and thin films of ice were fonned on water 
Standing out in vessels. It did not, however, seem to affect the Vegetation, 
and its occurrence was quite exceptional. A very strong and cold north 
wind (temperature 42®) blew during the morning of the 8th, but feil 
towaixl evening, leaving the sky quite transparent and clear. The 
country being thus flooded with cold air, the temperature was reducod 
during the night by radiation, to a point below 32**, 

681. From the second crossing of the Souris to the foot of the Mis- 
souri Coteau — fix)m 215 to 290 mile points — the prairie still shows a 
gently undulating surface, and in most places a short^ thick growth o 
grass. The soil, however, in passing westward, shows a tendency to 
become more sandy and «tony, and some large tracts are covered with 
boulders in such profusion, as to be rendered permanently unfit for agri- 
culture. No suddeu chango in the charactor of the soil, marks the 
passage fmm the Ci'otaceous to tho Tertiary, in this region ; the surfaces 
of both formations being completely masked by the thick deposit of 
marly drift. 

682. About tho middlc of September, 1873, the prairie betwcen Tui'tle 
Mountain and the Coteau had a uniform ycllow tiut, except in the hollows ; 
the grass being dead nearly to the roots, over the general surface of the 
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piain. Last ycar, this region was passed over dnring the last days of 
September and iii*8t of October, and had then a general green tint, the 
grass being fi*e8h and good. The short praine grass, however, even 
when diy, prove» nouriHhing food for animals, and is preferred by them 
to that of the swamps and hollown. 

683. West of Turtle Mountain, the countiy is unquestionably dryer 
than before. The short bufiGälo-grass {Boutelaua oligostcuihyä) becomes 
abnndant, and it would ap|)oar at least doubtful, whether the rainfall over 
much of this region is sufficient for the maturing of crops, with a soll 
and Bubsoil too light to retain much moistui*e. Irrigation, though much 
talked of as a remedy for the deficient rainfall of many westem regions, 
is only applicable o /er those comparatively small districts, where water 
can be obtained at a Hufficientclevation. Most of the westem rivers f ow 
in vallies much depressed below the general level of the plains, and hav- 
ing a very small rate of descent, cannot be used in this way. It would 
appear that vast areas of the westem plains, south of the Fertile Belt 
of the Saskatchewan region, and west of the Missouri Coteau, must 
remain as pasture grounds, for which they are in gi*eat pai-t well fitted. 

684. The precipitation during the summer months, on these great 
plains, appears to be almost whoUy of the nature of local showera, acoom- 
panied by discharge of electricity. The extreme unifoimity of the sur- 
face of the countiy, — when the weather is settled — allows a well marked 
meteorological cycle to recur. The momings are generally clear and 
often completely cloudless, but as soon as the sun's heat begins to he 
feit, small cumulus and cirro-cnmulus clouds appeai*, produced by local 
ascending currents fi*om the heated surface of the ground. These grow- 
ing continually lai*ger, and more numeix>us, drifl with the prevailing 
wind — which isgenerally westerly — ^and about three or four o'clock in the 
aftemoon, small local thunder stoi-ms are developed. Several of these 
may often be seon at one time, and though occasionally the clouds coa- 
lesce to form larger storms, this is comparatively rare. During the night 
the storms generally dissipate, and eiiuilibrium is restored before dawn. 

685. It would seem that the charaet^^r of tlie second prairie plateau 
where crosneil by tbe forty-ninth parallel, is that of much of the north- 
ern pjirt of this great stepj^e. While itis more fertile eastern border rapidly 
expands northwanl, its south-westem tnigo api>ear8 tobecome in the vicin- 
ity of the Qu' Apjwlle, and SouÜi Saskatchcwan Rivers, ovcn drier and 
Icss iiiviting. 
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Country of the Third Prairie Steppe. 

686. A general description of the Missoun Coteau, is introduced more 
appropinately in connection with the driflt deposjtfl. (§522 et seq.) The 
stnp of brokon country embraced under that name, fi'om where it croeses 
the Boundaiy-line to the Elbow of the South Saskatchewan, hafi an ai-ea 
of about 7,500 square miles; of which the greater partmnst always remain 
ansuited to agiiculture, from its tumultnouH and stony chai*actßr. It would, 
however, be an excellen t stock raising diötrict. Though Bome of the steeper 
hüls are but scantly clad with Vegetation, a good growth of short nutntioue 
grass Covers most of the Hurface ; and swamps and sloughs with excellent 
liay-g**»*'» are scatterod everywhere. In its physical features the Coteau 
resembles Turtle Mountain, and like that place would no doubt naturally be 
thickly wooded, but for the prairie fires, which here sometimes run 
hundreds of miles in the dry weather of the autumn. As it is, the want 
of wood is one of the most serious drawbacks ; and animals fed over these 
hüls in summer, would require to be wintered in some of the nver vallies 
to the north, or in the wooded ravines of the Tertiary plateau to the * 
south. 

68*7. A sample of the efflorescent saline matter, of one of the * Alka- 
line' lakes of the Coteau, gave on analysis, the foUowing result : — 

Mupiesic sulphate 49*06 

Scxuc Bulphate 47*73 

Sodic Chloride 0*75 

Iron tiuces 

The ii'on occui*8 as protoxide, and appears to be protected by organic 
matter present in the mtiss. A qualitative examination of a similar 
saline incrustation from the Souris Valley, near Wood End, showed the 
presence of magnesic and sodic sulphates, only. A small quantity of this 
saline matter or * alkali*«i8 not found to be injurious to crops, in the 
Western States, where sufficient moistui-e exists ; nor does it appeai* to be 
detrimental to the growth of grass. 

688. South and west of the Coteau, lies the great plateau of the 
Lignite Tertiary, which may be said to begin about the 350 mile point, 
and extend as a well defined table-land, as far as White Mud Kiver— a 
distance of 115 miles — in the vicinity of the Line. Its form is very irre- 
gulär, but its area may be about 12,000 Square miles. The soil of this 
plateau, appears as a rule to be of a fertile character, but the indications 
are that the rainfall, except in a few favoured spots, is too small for the 
growth of the ordinary crops. Ita elevation also, no doubt> renders it 
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more Bubjeot to early and late fVosts, than the prairie to the eaftt, ihongh 
the Winter is probably not 00 severe as that of the Red River Valley. On 
reaching tbis part of tbe tbird plateau in June of last year, the Vegeta- 
tion — fVora a compariBon of the flowering plant» — appeared to be about a 
week behind that of the second steppe. The plateau of the Tertiaiy is 
for the most part, only adapted for pastoral occupation ; but being eovered 
with a good growth of grass, is well suited for this use. The strip of 
conntry between the plateau and southern edge of the Coteau, pai*take8 
in sonie measure of its chaiticter, but has a less favoumble appeai*anee. 

689. An important advantage of this plateau, is the existenoe along 
itn edges of 8heltei*ed ravines and vallies, containing groves of poplar; 
and also the presence beneath it of great deposits of lignite coal. In 
one of these sheltered Valleys, the half-breed settlement known aa 
Wood Mountain, is situated. No eultivation of the ground has been 
attomptod by the few familiess frequenting the place, and it« prosperous 
days are already over, as the buifalo, on whioh its existence depends, 
now rarely come so far east, It is, in fact, morely a base for a certain 
number of hunters and traders, who have found it convenient to ereet 
wintering shanties there. 

690. South of the plateau, as far west as Wood Mountain, the region 
draining tp the Missouri, is also based on the Teiiiary, and generally 
bears a close, short growth of grass. Beyond Wood Mountain, tho low 
ground, both to the north and south of the plateau, is based on the Cre- 
taceous clays, and is, in most place», dry and baiTen. The 'grease-wood ' 
{Sarcobatus) and other peculiar chenopodiums, now appear in the Hat, 
clay-bottomed vallics of the streams; and many varieties of *sage' 
(Artemigia), and other shrubby composita» ai'e found. The disc-leaved 
cactus {Opuntia Missouriensis), in some places forms extensive beds, and 
in the last week in June, was found to be in füll ilower. Thedrier slopes, 
whieh are scarcely capable of supporting a sod, show aniong the stanted 
grass SelagineUa rupestriSj and a small species of liehen. Many peculiar 
southern, or extreme westem plants, were here met with for the first 
time, «and here also the ' jack rabbit,' and * sage oock * (Centrocerus uro- 
phasianus) find their eastern limit. 

691. The White Mud River, or Prenchmaq's Ci-eek, may at present 
be considered the eastern limit of tho bufl'alo, in tliis lattitude. Dunng 
the last sixteen yeare, their front has been driven back, in the vicinity of 
the Line, over two hundred miles, and it is probable that their noHbem 
}imit has been conti'acted to at least a like aniount. 
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692. West of White Mud River, to the 505 mile point, an undulating 
prairie iß passed over, resembling in its Vegetation the sui-face of the 
Tertiary plateau. It is deeply drift^jovered. Beyond this point, an out- 
lying poi'tion of the Tertiary plateau Stretches for about thirty miles. It 
is much cut up by ravines, and sometimes very stony, but is covered 
rn general by a close sod, and shows a few swamps with good grass. 

693. There is evidence that over the whole eastern part of the third 
prairie steppe, and especially over the Tertiary plateau, the season of 
1874 was an exceptionally dry oiie. G-rasses on the drier hill-sides, 
which had ripened their seeds the season before— as evidenced by the 
seed stalks — in 1874 showed no flower, and even the leaves were scarcely 
green. 

694. Beyond this portion of the Tertiaiy plateau, an arid piain 
Stretches with little intenuption for fiily miles, or nearly to the Milk 
Eiver. It also extends far north-westward towaixi the Cypress Hills, and 
appeai*s to coalesce, along their westem front, with a similai* desert 
region, which — according to Palliser — exists to the north. It appears to 
be irremediably sterile and usele^s, being based on Gretaceous No. 4, and 
in great part composed of the debris of these i'ocks. (§ 351.) In early 
spring it is evidently, in many places wet, but in summer, diy, hai*d, and 
fissured, and scarcely supporting a sod. It is tiaversed by the vallies of 
the East and West Porks of Milk River, which rise in the vicinity of the 
Cypress Hills ; but both the main streams and theii* tributary coul^s 
become nearly dry before the end of the summer. 

695. The westera limit of this piain, is formed by a strip of more 
elevated land, lying between it and the Milk River, and about five miles 
Wide. This is again based on the Lignite Tertiaiy formation, and shows 
a uniform, short sod ; with some lakes and swamps, surrounded with fine 
hay-gi*as8, along its casteiii border. 

696. Hei^, during July and August of last year, the greater part of 
the ^ Big Camp' of the half-breeds, was situated. The hunters and 
traders in this region congregate for mutual protection, and form, as it 
were, a tribe among the Indians. They live under no law or restraint, 
other than that imposed by necessity and by the general consent, or by 
the priest who accompanies them. Spending the summer at lai^ge, in the 
neighbourhood of any district which happens to be well stocked with 
buffalo, they fall back eastward for winter quarters. A few of them 
going to Wood Mountain, but most to the White Mud River, south of 
the Line, near a trading post known as Fort N. J. Tm-nay. A compai-a- 
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tively small proportion of the robes obtained by these people, find tbeir 
way to Winnipeg; moHt of the ti-ade being can'ieti on toward the 
Missouri. The Hummor lumt is chiefly to obtain petfucan meat, the skins 
of the builklo killeil being fVequently wasted, In the autiimn and early 
Winter, when the skins areprime, robes arethe chief object. The Indians, 
thoiigh Bome of them are fnendly to these half-breeds, and glad enough 
to trade with them, ai*e natarally jealoas of their huuting, and slaughter- 
ing buifalo for theroselves. In July last, the * Big Camp ' oonsisted of 
over two hnndi'ed tepees, most of them of dressed skin, like those 
of the Indians, but some of canvas. Every family owns carte, at least 
equal to in number to that of its membere; and when the camp is 
niade, these are aiTanged in a circle, to form a * cori'al * for the 
hoi'ses; the tents being pitched i*omid the whole. The total number 
of hoi^ses possessed by the camp was stated to be about 2,000, valned 
at fi'om $20 to $100, according to their aptitude in bal&lo running. 
A fcw weeks before our aiTival, the half-breeds htul been in the Cy- 
prcBB Hills, and had there assisted, or countenanced, the Sioui^ in a 
fight with the Blackfeet, in which eight of the latter tribe were killed. 
The camp is assidnously guai-ded, to prevent surprise or horse st^aling. 

697. From what I could.learn, I beliove, that at the present rate of 
oxtermination, twelve to fourteen yeai-s will see the destraction of what 
now remains of the great northern band of buffalo, and the teriAination of 
the trade in i-obes and pemican, in so far as regards the country north of 
the Missouri Eiver, 

698. Westward from the Milk River, the infertile Cretaceons clays 
do not i-ecur, the country being based on the Lignite Tertiary. To the 
base of the Ea^t Butte, the sui*face, though not of the same desert chai*ac- 
ter as that met with east of Milk Biver, is covei*ed by a short, thin aod 
only, and is in many places stony also. The unfavourable appearance of 
all this region, does not arise so much from any deficiency in the soll itself, 
as from the absence of sufficient moisture. The Vegetation, in fact, 
depcnds chiefly on the Saturation of the ground hy the water of the 
melting snow, and spring rains; and, when this is exhausted, is brought 
to an end as effectually as if by the onset of winter, though long befbre 
that event. 

699. The general appearance ahd extent of the Sweet Grass Hills, or 
Three Buttes, have already been noticed (§ 303.) Their height and 
maÄS is sufficient to cause the formation and aiTest of clouds in their im- 
mediate vicinity, where the rainfall is in consequence much more copiou». 
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The8e mountAinS) and the brokeu groand around them, form a favooiite 
haant of the balfalo ; which here find abundance of food and water. The 
Hpring, ariBing fi*om some part« of the Buttes ai*e very co] ious, and form 
streams, which on leaving the sheltor of the wooded vallies, and issuing 
on the plains, ai*e i^apidly abeorbed by the dry soll and atmosphere — ^at 
least in the Bummer season. One of these waB observed to be a rapidly 
llowing brook danng the night and momiijg hours, but in the afternoon 
became quit© diy. The timber of the Buttes is chiefly pine, (P. Bank- 
siana f ) much of it has been burued, but it shows a tendency to renew 
itself. The trees ai*e not of great Bize, and generally in Bomewhat inac- 
ceBsible pai*ts of the mountains, but cannot be considered unimportant in 
a country so treeless. A few of the plants, found at elevations above 
6,000 feet in the Bocky Mountains, appear also on the summits of the 
Buttes. 

700. The country snrrounding the Buttes, iß said to have been for a 
long time a neutral ground between various hostile tribes of Indians. 
That it has been so, is evideneed by the almost complete absence of 
buffalo bonos in their neighborhood, and the i*are occurrence of the 
cii*cles of stones, marking camping places. The region is at present a 
debatable ground between the Blackfeet, Peagans, and Bloods of the 
west ; the Sioux and Assineboines of the east, and the Crows and other 
tribes of the Upper Missouri. It is not passed through save by war 
paiiiies, strong in numbers, and travelling i'apidly, Ten miles north of 
the central Butte, the bodies of over twenty Crow Indians were found, 
unburied, on the scene of a conflict. 

701. From the Sweet Grass Hills, towai'd the Eocky Mountains, the 
country improves in appearance, and shows evidence of a greater rain- 
fall. The cactus, grease-wood, and Artemisia cease to appear. To the 
Second Brauch of Milk River — a distance of 55 miles — the country is 
generally much broken, but shows remains of a former more elevated 
surfacc, in somewhat extensive ilat-topped hills, which, when ascended, 
are found to be nearly of equal height, and show much drier and more 
gravelly soil than elsewhere found in the region. Thei^ is usually a 
closo, thick growth of grass, and the swamps and sloughs, which are 
numerous, generally hold grasses and Carices to the exclusion of the 
rushes formerly most abundant. The watershed region, fVom the Second 
Brauch of Milk River, to the St. Mary River, is of a similar character. 

702. The portion of the fertile belt ft'inging the eastern side of the 
Bocky Mountains, in the neighbourhopd of the forty-ninth pai*al1el, is 
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aboat twentj-üve milos in width. On crossing the St. Mary River, a 
yery marked and i*ather tsudden change for the better \b obeerved. The 
snt'face, at the same time, becomes more undulating and broken, and is 
quite hiily before the actual base of the mountains is reached. It is now 
oovei*ed with a thick vegetable 8oil, Hupporting a Inztiriant growth of 
graAB ; and wherever the fire has spai^ed them, trees are to be found in all 
stages of growth. Many plants, last seen in the neighboarhood of Fem- 
bina Mountain and the Bed River Valley, and which acrose the more 
arid plains have been larking only in sheltered hoUows and damp eoul^es, 
now re-appear over the sarface of the countiy generally. The rivers and 
streams, also, entii'ely change their eharacter, and instead of flowing 
sluggishly with a milky opaeity, now hold clear blue water, run swiftly 
over stony and gravelly beds, and are filled with trout. 

The thickets are generally of poplar, but in the immediate vicinity 
of the mountains show bii*ch and coniferous trees also. The BUeagnus 
found in stunted thickets on the plains, now forms a well-grown bush, 
and the vallies and hill-slopes in August were gay with various species 
of Aster, Solidago, Epilobium, Castüleia, and with Geranium Fremontii, 

103. I was informed by titiders, who had wintered in the vicinity of 
St. Mary River, that the snow does not lie here for moi*e than about three 
months, the temperature also being much milder than in locah'ties further 
east It would appear probable, however, from the altitude of the 
country, that early and late frosts may shorten the season agricultnrally, 
to a greater extent than indieated by the above Statement. As the 
Mounted Police are, I believe, at present wintering in this neighbourhood, 
more authentic Information on the dimate will no doubt soon be forth- 
Coming. The buffalo are said to frequent the foot-hilla of the mountains 
in Winter, in great numbers, and their remaius were found in the South 
Kootanie Pass, as far as the last patch of meadow land, on the east side 
of the watershed. 

704. For this part of the country, the mountains fonn an inexhaust- 
able source of wood for construction, and also for fuel, though extensive 
areas are known to be underlaid by coal. The timber in the mountains 
is chiofly coniferous, and not of large size, except in c^rtain secluded 
vallies. A species of pine, somewhat resembling the Banksian pine, 
but which I believe to be Pinus contorta, is found pretty abundantly in 
Bome localities, ospecially on the gravel terraces, and valley bottoms. It 
would aifoixl good straight timber, but does not attain a great girth. 
The Douglas pine {Abies Dauglasii), also ocoui*8 op both sides of the 
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waterBhecl, but is generali^ small. The largest timber obseinred, was in 
soroe of the higher and more Beciuded vallies. The treen resembled ihe 
black spruce, bat were probablj Abies Engelmaimi, It is unnecessaiy 
here to enter into detail with regard to the alpine and arctic £k>ra of 
the higher parte of the mountains. [ was only able to devote a 
few spare honi*8 to the coUection of plants, but a number of very 
interesting forms weve obtained, and will be fonnd eatalogued in the 
appended list. 

705. The foi-egoing descriptions will show that the eharacter of the 
third steppe is mneh more vai*ied than that of either of the others ; but 
also that no part of its southern extent compares favourably with the 
land of the Bed River Valley, or that of the best parts of the 
seeond steppe — ^always exeepting the land along the immediate base of 
the mountains. At the same time, tlie explorations in conneetion with 
the Boundaiy Survey have served to show, that this countiy, formerly con- 
sidei'ed almost absolutely desert, is not — with the exception of a limited 
area — of this eharacter; that a part of it may be of futnre importance 
agriculturally, and that a great area is well suited for pastoral occupation 
and stock farming. 

706. The fertile region at the base of the Bocky Mountains, accord- 
ing to Palliser and other explorers, narrows somewhat about fifty miles 
north of the Line, but then spreads eastward, white the mountains tread 
to the west, and includes a great area of fertile countiy in the vicinity of 
the North Saskatchewan, the more northem position of which is more 
than compensated for, by its decreased altitnde, and the lower« and more 
open mountain passes to the west. 

This fertile belt to the north, must form the basis for the settlement 
and utilization of the westem piain s. The cactus-covered desert ti'act 
does not seem to Stretch far to the north of the Line; but thei'e is an 
extensive region of the third prairie steppe south of the fertile belt» 
which is described as having a poor soil, with scanty herbage, and no 
wood, except on northem exposures. 

707. With regard to the climate of the thiixi pmirie steppe in 
the vicinity of the Line, not much information is at command. In two 
places, I was able to obsei've the temperature of copious Springs, 
flowing out at such a depth fVom the surface, as to rcnder it probable 
that their waters were not far from the mean annual temperature. On 
both occasions, the thermometer indicated 46** F. One of the localities is 
near longtitude 106° 30*; the other at 113°. The mean terapei'ature of 
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the greater pari of Montana, to the soiith, is estimated to be 48^ * ; showing, 
if the obHei*vation8 ai*e to be trusted, a lower mean tempemture by two 
degrees on the forty-ninth pamllel. Ciimatal lines, however, are not 
very Htrict or well marked on the western phuns, and it is prabable that 
the climate of a gi*eat part of the thiixl steppe nearly ooincides witb that 
of northera Montana, wheie more continuoiiB records exist than any 
available for the region to the north. 

TOS. The mean temperature for each month at Fort Shaw, one hun- 
dred miles south of the Line on the 112th meridian, is, in the foUowing 
table, placed side by side with that of Winnipeg f ' — 



Ft. Shaw. Winnipeg 

January 21-28 2-91 

Februaiy 30'39 2'99 

March 36-58 9*00 

April 46-51 30-21 

May 5604 51 18 

June 64*98 63*64 



Fi Shaw. Wlnnipaf . 

July 70-22 65-87 

August 6715 64-75 

September 5404 51-29 

October 49*12 40-01 

November 39-92 14-58 

I>ecember 2675 056 



The mean annual temperature of Foi-t Shaw is 4*7-33, while that of 
Winnipeg is 32-59. The temperature of the six wai-mer months, May to 
October inclusive, in noi-thern Montana and the Eed River eountry is 
pretty nearly equal, showing a balance of only about four degrees in 
favour of the former. The six winter months are, however, very much 
colder in theeastern locality ; and this notwithstanding the flict that Fort 
Shaw is about 3,000 feet higher than Winnipeg. Thus, while the mean 
annual temperature of the Bed Hiver Valley Stands about 14 degrees 
lower than that of Montana, this is not brought about by any great 
deficiency of summer heat, but by the long continuance of steady cold 
weather in the winter. Tho extreme of winter cold is probably almo8t as 
great in Montana as in the Bed Eiver eountry, the thermometer at Deer 
Lodge showing a minimum of — 30° F. in several years, but the cold 
weather is not of long continuance. The snow fall is veiy light, and sel- 
dom exceeds a few inches in depth at any one time. The total annual 
precepitation — mean of two years — ^amounts to 8*95 inches only. 

As a pastoral and stock-raising eountry, the higher mean annual tem- 
perature gives the third plateau an important advantage over the region 
to the east 



• Ü. S. G«ol. Surv. Territ., 1872, p. 811, 
f Temperature of Fort Shaw from the mean of two years. U. 8. Geol Surv. Terrik, 1871, p. 
That of Winnipeg, from three years obeervations, is kindly supplied by Prof. Kingston. 



CHAPTEB XII. 

OAPABILITIES OP THE REGION WITH REFBRENOE TO 

Causbs Dbtsrrbnt TO Settlkmkmt akd Aqriculture. — Future of the North -west 
— Climate — Wintering of stock — Difficulty of access — Inboads of the Grass- 
HOPPER — Origin of the insect — ItB ran^e — The young and winffed swarms — 
ItB fliffht — Yean when it haa appeared in Manitoba — Means of prevention — 
T^E SuppLT or Wood iv the North-west — ^The plains never entirely 
wooded — Canaes tending to destruction of forest — Canses of treelessnesa of 
prairie — Dryness of sou and atmosphere— Gatues of drought — Gansee of 
greater raimall on wooded areas — Facta tending to show progrc^ive desic- 
cation in the west — Similar drought brought on elsewhere by destruction of 
forest — Amelioration of climate by phuitincr forest — Treeless area of the 
continent — Normal area of country which should be in forest— Successfnl 

9 growih of trees in the west — Scheme for the planting and preservation of 

trees» 



709. The descriptioD of the region in the vicinity of the Boundary- 
line, given in the last chapter, may serve to indicate those ai^eas best 
fitted for Settlements in that diroction. Accurate and detailed Informa- 
tion of the same kind is now in process of accamulation over a great 
part of the North-west, and it will era long be possible to estimate the 
probable valae of the whole interior portion of the Dominion. Faets as 
at pi*e8ent known, appear to show, that after the fertile Valley of the Bed 
Biver is taken np, the progi*ess of sottlement will foUow the valley of the 
Sankatchewan Biver to its head, and then spread north and south along 
the eastern base of the mountains ; that the great pastorai area of the 
plains south of the Fertile Belt, will be entered from the north, while the 
northern forests and lakes will become tnbutary in their pixxiucts to the 
settied region, from the other side. To a certain extent this progress of 
settlement will regalate itself, and will be a natural growth taking advan- 
tage of the capabilities of the country, but there are certain adverse in- 
fiuences, which will i-equire early and close attention, if thisgrowth is to be 
as rapid and sound as it should. It is pi*oposed here — without enlarging 
on the great advantages of the North-west — briefly to discuss some of 
these, and to indicate the 1)earing on them if the results of experience 
gained in other regions similarly situated. 

110. Manitoba, and a gi-eat part of the Noilh-west, has before it the 
future of a great agiicultural coantry, and enough is already known to 
show that over immense areas minosof metallic minerals cannot be relied 
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on as soiuves of wealth. It us iiuprobable that motallic oree, other than 
those of ii-on, will be foand over the ai-ea of the plains, underlidd as they 
are by the soft and little dinturbed i<ock» of the Mesosoic and Tertiaiy. 
Grold, it is triie, m known to exiet in small quantities in the drifl materiah) 
of 8ome localities,* and may here and there be foand in remanerative 
Proportion, but ite pixxlaction will probably never a^Bume mach Import- 
ance. The gi-eat ai-eji covered by the coal and lignite-bearing formatious, 
as they are at present known, in8ui*es a «npply of faol for all time, to the 
scttlerH of the wettern poi*tion of tlie plaiut», but coal mining will only 
become an importantindustry, when the country has been opened up, and 
tliere are extensive agricultural communities depending on it. The great 
preaent object of tho»e intei*e8ted in the North-weat, should thei'efore be 
to Airther agrieulture, and the interests of the agricaltunst and stock- 
fkrmer, in every poe«ible way. 

711. Climatic conditionB have already received some attention, and 
it is not here pi-^posed to discuss them further. They have a very 
direct bearing on the utilization of the country, but for the prcHent they 
muBt be taken aB they ai*e, and the special problems presented in each 
district will be Bolved by experience rapidly acquired. The severity of 
the winter season is certainly one of the greatest disadvantages of the 
North-west, as an area for settlement, bat, agricultunüly, the intensity 
of the coli is not so mach a matter of importance as its doi^ation ; and 
where — ^as in this region — ^the length and heat of the sununers are 
known to be sufficient to mature all the ordinajy crops, it may, to a 
great extent, be disregarded. For stock raising, both the duration and 
intensity of the cold must be taken into account, though evon here the 
former is the more iraportant. I am aware, that in this region, horses 
and catüe are at pi*esent freqnently allowed during the winter, to feed 
themselves as best they may. They generally survive, and often do not 
look much the worse for their hard treatmenj^ ; but this haphazard plan 
will not find favour with careM farmers. In the Eed Biver counfay, 
animals to which proper attention is shown, require additional food to be 
supplied to them, either in the form of hay or roots, for at loast aix 
months in th6 year. For the cultivation of the latter variety of crope, 
the soil of the Bed River Valley appeai's to be excoUently suited. 

712. In northern Montana, the conditions are somewhat ditferenU 
and stock is there systomatically allowed to winter ont independently, 
or with only very slight aid in the way of feed. Similar conditionf« of 



• Report of Pros^ress, 0«oI. Surv. Cunäft, 187S-7i> 
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dimate no doubt prevaü over tho greaier part of the thii^ steppe. To 
rear horses in this region is very easy, and the Indians and traders conse- 
qaentlj possess large bands of fine, though small animals, which they 
valne at a low rate. Mr. Selwyn, in advocating the idea of indncing the 
Indiana to become ätock-raisers, and cattle-herdere, as the buffalo become 
extinct, mentions instances of stray cattle wintenng out sttccessfhlly 
on the North Saskatchewan.* In July of last summer, I saw a band of 
cattle in the vicinity of the Line, south of Wood Mountain, which had 
sti'ayed from one of the U.S. forts to the south. They were quite wild, 
and almost as difficult of approach as the buffalo; and notwithstandiug the 
f^t that they had come originally fi<om Texas, and were nnaccustomed 
to frost and snow, they had passed through the winter, and were in 
capital condition. 

713. In the future, wben the North-weet is somewhat thickly 
settled, the long period of the year duiing which out-door agiicuitural 
Work is impossible, will tend to foster the gix)wth of manufactures ; 
and espocially of milis and factories for the elaboration of the cimde 
matenals produced in the countiy itself. Then only will the füll ad- 
vantage of the enoinnous lignite and coai deposits, and water^power be 
developed. 

714. The three most important remaining natural deten^ents to the 
settlement of the North-west appear to be : — ^Distance fi^om markets, 
and difficulty of attainment by the immigrant ; the gi'asshopper visitar 
tions ; and the treelessness of great areas of the plains, and genei*al 
scarcity of timber. 

715. The flrst of these difficulties, will soon be to a great extent 
remedied, especially as regai*ds the access of immigrants. The remoteness 
of mai'kets will, howevei*, continue to be feit in some measure, and when 
the local demand for the cheaper grains, and heavier food stulfs, is 
satisfied, stock raising and the production of Hght and valuable crops, 
which will bear a considerable charge for transport, will remain the 
most pi'otitable for a long time to come. Though wheat may be easily 
grown in immense quantity, the profit to the farmer must be Hght, as 
long as the cost of transport forms so large a part of it« total value at 
the eastern ports. Wool #md dairy produce will demand attention, and 
for the growth of flax, hops, &c., a gi'cat part of the westem regions, 
— ^and especially of the Eed Eiver Valley — is well suited. Flax and 

* Loc. eit., p. 00. 
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hemp have already been cultivated with succoäs in tho Bed BiTer 
country, in former yeare^, the Hudson 's Bay Company gitinting a small 
bounty for tbeir production. Their growth was discontinued chiefly, it 
would seem, from the want of proper milling facilities.* The natural 
limit of agricultural settlement to the west, renders it certain, that as 
the ea8tei*n regions are more exciusively taken up for this purpose, the 
western plains, unfit for othei* use, will become more valuable as pastoral 
lands. 

*I16, The inroads of the western deva;sUiting gi'asshopper, or locust, 
mast be counted among the greatest discoui'agements to the settler, and 
in some of the newly occupied Western States have eaused actual loiin 
and famine. The grasshoppera forming destructive swarms in the region 
of the plains cast of the Bocky Mountains, appear to belong to a Single 
species, which has been called Caloptenui spretus. This insect much re- 
sembles the Caloptenus femur-rubrunty or i*ed-iegged gra^shopper, which in 
e^ceptional years has been destinietive to crops in various parts of the 
Eastern States.f Spretus differs, however, fi'ora femur-rubrum speeific- 
ally, and can not only be distinguished from it in foim, but possesses to a 
far higher degree the instinct and power of migration ; circumstances 
suiting it to the almost boundless plains which it inhabits. It is not here 
intended, however, to enter into a zoological description of the insect, for 
which Pix)f. Thomas' Synopsis of the Acrididaa ; or the Seventh Annual 
Bepoii; on the Insects of Missouri, by Mr. C. V. Biley, may be referred to. 

717. The locusts are not natives of the eastei^n region of the plains, 
where their devastations are most severely feit. They come from the far 
west as a winged swarm, and where they happen to be when they are 
mature, their eggs ai*e deposited. From thcse eggs, in the ensuing spring, 
the young come forth, and cause often moi*e complete destruction of crope 
than the winged adults ; for they attack the young gi'ain, eating it down 
as fast as it grows. The young so produced, however, appear not to have 
so much vitality as those coming fresh fi-om the west. A great part of 
them may reach matui*ity and migrate some distance, but their progeny 
in the thiixi season seems rarely to give rauch ti*ouble. 

718. The real home and permanent source of supply of the locusts, 
has been a question giving rise to considerable disoussion. Mr. Walsh 
and others have »upportcHi the theory that they come from tho alpine 



*Pruf. Hind, Amineboine aud Saskatchewwn Eiiploring Expodition. 
t See S. U. Scudder in Uj^den'it Final Report on Nebraska, p. 352; also, Harris' IdmcIs Injuriuus to 
Vegetation, p. 168. 
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regioDS of the Bocky Mountains, and ieBuing from their vallies and 
candus, spread eastward over the plains. It seems, howevor, to be now 
very genei-allj conceded, that the high and diy plains along the whole 
eastem base of the mountain», are their chief breediug place»; to which in 
British America may, I believe, be added the entire area of the Lignite 
Tei-tiai-y plateau, and probably also the gi'eater pai-t of the third great 
prairie steppe. 

TIO. The ränge of the insect (meaning by that tenn not only their 
Chief breeding places, but the whole ai'ea known at one time or other to 
be oveiTun by them) is not bounded to the west by the Rocky Mountains, 
except whei*e these constitute, as in British America, the unbroken fi-ont 
of the westeiii region of forest. They spread across the watershed in 
Ck>loi*ado and Utah, and appear to have been observed by Mi\ Byei's in 
the Valley of the South Fork of the Columbia River, neai- Fort Hall. 
South ward, according to Prof. Thomas, they extend as far as the Raton 
Mountains and into Texas; while to the east they have spread to the 
prairie countiy of the Mississippi, and have been known, on more than 
one occasion, to peneti*ate far into Iowa. The entire Province of Mani- 
toba is liable to their incursions, and they have penetrated in swarms as 
far east as the Lake of the Woods. North ward, they are probably only 
limited by the line of the coniferous forest, which approximately follows 
the North Saskatchewan River. 

720. The eggs of the locust are not deposited proraiscuously, or 
uniformly distributed over the surface ; whether in their native breeding 
places or in their eastern colonies. High and dry situations, with haixl 
Boil, are proferred. Thus, when the young are hatched, from this original 
disposition of the eggs — and no doubt also from anatui*al gregainous ten- 
dency — they form colonia^*, which are oflen widely separatod. These I 
have Seen on the third prairie plateau in 1874, and the young insects 
are also noticed to be thus distributed in the Red River counti-v this 
year,* anH elsewhere, wherever they have been carefuUy observed. 
The insects do not seem to travel far from their hatching place for 
some days ; but when they have increased somewhat in sizo, begin 
to move forward together, and in a determinate direotion, though 
not by any means invariably from noi-th-west to south-east. Dr. 
Studley, of Kansas, has experimented on the unfledged grasshoppei^s, 
by sifting flour on them in the morning, and measuring the distance 
travelled over by the insects so marked at night ; and finds that 



* Fide A. L. Bunell. 
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their rate of progress is from one-fourth to one-ha]f raile i^er diem. In the 
hiöt week of July, 1873, 1 met the grassboppera hatched out in the north- 
orn part of the Eed Eiver countiy, travelling southwattl down the valle}'. 
They were in the pupa »tage, and appeared to be advancing more rapidly 
than the above measurenient would indicate. Their fixed detormination 
to tmvel Houthward wa« remarkable. 

721. On obtainiiig their vvingfl, the grasshoppei's pt^pare for flight, 
and only wait the ad von t of a favouring breeze, to «et out in the dii^ection 
which their instinet loads them to pursuo. On July 12th of last year, I 
observed swarms ready for ilight on the high plain» of the third plateau, 
West of White Mud Kivor, (long. 107° 35'.) The day was bot and calm, 
and though many of the inneets were on the wing at all altitudes in the 
atmosphere, they were foUowing no determinate diroction, but sailing in 
eircles, and crossing each other in flight. The greater number were 
hovering over the swaraps and spota of luxuriant grass, or resting on the 
prairie. A slight breath of air wonld induce them all to take to wing, 
cauning a noisc like that of the distant sound of surf, or a gentle breese 
among pine treo8. They appeared ill at ease, and anxiously waiting a 
favorable wind. 

722. The grasshopper has not intrinsic power of swifl flight. It can 
bear itself up on the wing for a long timo, but depends chiefly on the wind 
for propulsion, and travela fast or slow aceoixiing to its motion. It flies 
only in the sunlight and during the warmer honrs of the day, Coming to 
the ground about4 p.m., if the daj' be fine ; or at any time when a heavy 
cloud Covers the sun, or on the approach of a storm. Nor does it fly in 
any direction the wind may happen to blow, but has the extraordinary 
instinet to travel only on those days when the wind may favour it in its 
appointed course. This, as already mentioned, is generally south-east- 
ward, from its high-land breeding gi'ounds to the lower and more fei^tile 
eastern regions. It is not by any means invariably so, however ; and 
somo of the broods hatched this spnng are already showing a similar per- 
sistent desire to move northwani, while yet in their füll sti'ength and 
vigour. When the locust reaches nearly its easteni or southem limit, 
the Organization of the swarais appears in great measurc to fail, they move 
in almost any directon with the wind, or remain long on the ground 
where food is abundant. After the deposit of eggs, which in the normal 
equence of events next happens, the insects are much exhausted, and 
soon die, though often making a last short fickle flight. 

723. Such is the usual life-history of the insect. The causes which 
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fortunately prevent its increabe and continued abode in the eastem 
prairie region, appear tq be chiefly climatic. It would seem that the 
locust requires to bring it to hoalthy maturity the dry warm climate of 
the higher plains. In the eastem colonies the j'oung are sometimes 
hatehed in considei*abIe uumberH by a mild autumn, and perish in the 
Bncceeding winter. A rehipse of cold and damp weather after their 
hatching in the npring, eauses the death of great numbers. The eastern 
brood ig a weaker one, and is aecoixlingly more «ubject to the attac^ks of 
diseaae, and para^ite». Mr. Biley catalogues fonr of the latter.* The 
two first (TrombicUum sericium^ and Astoma gryUaria) are mites; the 
two latter {Tachina ananyma, and Sarcophaga camarid) flies, the larva) 
of whieh feed on the grasshopper and live within it. All these seem 
to have appeared in connection with the swarm of 1874, and their progeny 
of this flpring, in Manitoba. The Tromhidium or ßilky mite attacks the 
egg. The Astoma attache» itself to the mature insect, generally under 
the wings. 

724. The first appeai*anee of the locusts in formidable numbers in 
the Eed Kiver Valley, ueems to have been in the year 1818, six yeara 
after the fonndation of Lord Selkirk's colony. Hh&y then aiTived on the 
wing in the last week of Jnly, and destroyed nearly everything but the 
wheat crop, whieh partly e8ca))edy being nearly ripe.f Eggs were depo- 
sited, and in the foUowing spring, the wheat and all other crops were 
destroyed as fast as they appeai-ed above ground. Eggs seem again to 
have been deposited in 1819, and in 1820 the crops are said onee more to 
have suffered greatly. The next recorded incai*sion is that of 1857, from 
whieh it would seem that for 36 yeare the insect had not appeared. In 
1857, the crops are said to have been so far advanced as to escape great 
damage, but eggf^ were deposited, and in 1858 all the 3'oung grain was 
devoured. In 1864, they again appeai*ed, and lefb their Qgg^, but neither 
the arlnlts, nor the youn^ of 1865 were sufficiently numerous or wide- 
spread to do much damage. In 1867, numerous swarms poured in, but 
did little injury, the crops being too far advanced; their pi'ogeny in the 
ensning Spring, however, devoured everything, causing a famine. They 
again appeared in 1869, the young in 1870 doing much härm. In 1872, 
fresh swarms arrived, but as usual, too late to do much damage to wheat. 
Eggs were left in abundance in the northem part of the Province, and in 
the following Spring the farmers over corisiderable districts did not kow. 



* Loe. eü. 
t Alex. Rom. i^aotod b>- Prof. Hind. Aasitiiboine »nd SMlnlchewui Exploiing: Expedition, 
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In 1874, winged swarms again came in from the west, arriving earHer 
than usiial, and inflicting great injury on the crops in somo districts. — 
Eggs wore do]X)9ited in alniost all partn of the Province, and the result 
ha« yot to be seen.* 

725. To the question : what can be done to prevent the ravages of 
these inHocts ? The ans wer in b}' no meanrt ho satisfactorj'' as conld be 
dosircd ; yet it appears that much may be done by combination, and the 
cultivation of a self-reliant «pirit among the fmntier settlers, aided bysnch 
wise legislative measures as may be fnimed, and carried into execution 
with a breadth commensurate with the temtory to which they shonld 
apply. It is now known that a very groat area, comprising the chief 
breeding grounds of the loeust, niust always remain unsettled, or occn- 
pied only oa paHtiu*e gi*oand8. It catonot therefore be hoped, that advanc- 
ing cultivation will restnct the breeding area ; yet even here it seems 
that some effort may usefully be maiie. The vast extent of the westem 
plains might at fiwt seem to preclude the possibility of embracing tfaem 
in any comprchcnsive measuro, bat their character renders this less diffi- 
cult than would ap])ear. By a system of inspoction, in which many men 
need not be employed, the chief localities in which egg» were deposited 
in the autumn, over immense areas, might l)e leamed-. Then when the 
young brood appeai*s in Spring, the systeraatic firing of the prairie grm& 
over these aroas, would, if it did not destroy the whole of the young in- 
sects — ^^'et render the country for a time so harren that the greater p«rt 
of them would probably perish. To preserve the prairie grass from firoö 
the pi*eceding autumn, would be the most difiicult part of this schome, 
but by taking advantage of rivers and other natural featores, and the 
a<ldition of ploughed lines, as fire-guai'ds in some place», a very great area 
might be so divided into isolated blocks, as to prevent the very wide 
sprcad of any accidental fii*e. This precaution seems a desirable one also, 
as a mcasui*e in the systematic preservation of timber trees. Suppo^ing, 
however, that it became kn(>wn that griisshoppers in gi-eat numbers had 
hatched, and wei^ likely to descend on the Settlements, it would appear 
possible by preconcerted an-angements, to form, by firing the prairie at 
the appropriate time, a broatl blaek zone across the line of their migra- 
tion, which the inseota would not willingly cross. Thei-e would be little 

* With the idea of aoquiring as much infornwtion as possible on the invasion of 1874. 1 issttod a man- 
ber of circulars to Manitoba, the Westeni States, and various parts of the N. W. Territories. I baiw ti> 
thaok the i^entlemen who have been kind enough to retum these circulara, for much Taluable infwma» 
tion. Tho number received has, however, not biaen so great as expected, nor has the infonnatkn tn sD 
cases beeu predse as to direction aud date. I have therefore been obliged to abandoD the idea of ooti- 
structing a complete map of their migntions for last summer, bat may yet make um of the 
inlonnaüon obtained. 
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difficulty — ^8U])poBing the existence of proper fire-guaiji8, as above sug- 
gested — in producing withiii a few days a belt of black countiy 100 miles 
Wide, altogether beyoad the present limits of the Province of Manitoba. 

726. When a horde of winged locusts comes down on the Settlements, 
comparatively little can be done to prevent the destruction of the crops. 
Swarm foUows swarm, ofben for days together, and eventually overbear 
resiBtance. By the ose of smoke, which is allowed to drift across the 
fieldä fr«>m smothered fires or ^ smudge»/ many of the insects may be 
prevented from aiighting. In southern Minnesota, a process eallod 
roping ' the grain has been attended with considerable success. A horse 
being fastened to each end of the rope, it is dragged to and fro across the 
field, broshing the insect« from the stalks, and often causing them at last 
to fly off. They may also be caught in great numbers in scoop-nots and 
bags, especially when somewhat torpid, in the evenings and mornings ; 
and whei*e the area affected is limited, this may be usefuUy employed. 

727. Whenever the grass-hoppers have deposited their eggs, atten- 
tion shoold be turned to these. The method of destruetion which seems 
to have been found most successful in the Westeim States, and eise- 
where, is fall ploughing. The egg-tubes are thus deranged, and most 
of them buried by so deep a layer of earth, that they either do not 
come to life at all in the succeeding spring; or hatch so late, and in 
such small numbera, that they do comparatively little injtu-y to the 
crops. This also allows early spring sowing, and givcs the grain timo to 
attun some gi-owth beforo the young locusts come down on it. This 
ploughing should extend, as Mi*. Taylor has shown, to roads and other 
bare spots where great quantities of eggs have boen laid. Of moro lim- 
ited applicability is the collection of the eggs by band, as pmctised in 
different parts of the old world.* The inhabitants, anned with shaii^ened 
sticks or hoes, go out together to the spots where the eggs are known to 
be most abundant, and receive a govemment bounty by measuro for the 
eggs collected. In a country where the settled area is quite small, in com- 
parison to that lying waste, this would probably have little result, 
except in cases where the deposit of eggs was confincd to a somewhat 
limited area, when its vigorous adoption might not only save the crops 
of the immediate vicinity, but those of other localities which the grass- 
hoppera might visit, when afterwards taking flight. 

728. In spring, the war should be continued, and as soon as the young 



• See the translation nf an easay by V. Motchulsky, in the Smithsonian Report, 1858. Haiiy plana of 
destraction of locuste are here meotioned, and statistice, &ü., coucerning them giveu. 
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are hatchcd, meann mu8t be devised for tbeir deMtruction, aided if need 
be by govemment boimtie«. Buriüng the prairie in dry weather; the 
uso of heavy rollers ; driving the young insects together by convei'ging 
circles, and deötroying them with flat wooden shovols ; driving them into 
straw, which iö aflerwai'ds fired, or iiito fires, ötreams, or ditcheB, have all 
been employod with greator or less succeHH. The vanoiis bpecies of black- 
biixlö, the prairie hens, and other birds, will also aid in their desti-uction at 
this öejiaon, and where large flock:s of domostic fowl« are kept they will 
materially aösiöt. Fields may also be protected ft-om the yoang insectfi 
whorevev a ditch of moderate width surrounding them, can be filled 
with water. 

729. The locast appearn to be well nigh omnivorous, and thongh 
showing a preference for certain kinds of food, will eat almost any phiat 
in case of need. There is therefoi'e uo crop which may be grown with 
aHöui-ance in a grasshopper year. It is very genei-ally found, however, 
that they avoid sorghum and broom-corn ; and when other food i» to be 
had they do not eat potatoe-tops, beets, or tomatoes. They also appeai* 
to have a genei'al dislike to the Leguminosfö, and prefer other plauts to 
poas and beans. This last fact may stand in causal connection with the 
gi*eat abundance of leguminous plants fomid on the western plains, an 
abundance obtaining both specifically and numerically. Wheat would 
appear to be one of the sollest erops, when fomgn swarms ai^ expected^ 
as it veiy generally ripens before their arrival. That it may do so, 
however, it is necessaiy that the seed should be sown as promptly as 
possible in the spring. 

730. Manitoba, from its more northern position and proximity to 
the great forest regions, appears to be less liable to wide-spread visita- 
tions of the locust than the regions further south, and the swarms which 
appear do not seera to be so dense or destinictive. Some of the above 
mentioned means may consequently be cmployed here with succees, but 
I believe that a great part of the Western States and territories will 
always remain subject to periodical invasions. The extensive planting 
of trees, and the establishraont of belts and groves of woodland over the 
area of the plains suitable for agricultui'e, seems to offer a future pros- 
pect of amelioration. The breaking up of the surface of the conntry in 
this way, will not only tend to prevent the swanns from spreading 
themselves so widely and uniformly, but will encourage the increase of 
bii-ds aud other animals likely to prey on the insect; and will besides 
tend to bring about a ehange in climate, which will rendcr it less 



CAPABILITIES WITH REFERENGE TO 8ETTLEMENT. . 311 

saitablc to the invadcrs, and eöpecially unsuited for their propagation 
and increase. 

731. The supplyof wood for biülding, fencing, and fuel, over agrcat 
part of the North-west, is a matter which appears to require immediate 
attention. The existence of great areas of piain, almost entirely desti- 
tute of timber trees, is now genemlly known, and on another page of 
thia Beport, it has been attempted to estimate the part of this region 
which lies to the north of the Boondary-line. Apart from the great imme- 
diate disadvantages of so vast an extent of treeless prairie, it» presence, 
and the coniplete absence of forest-clad area», cannot bat havc a 
very serious effect on the climate of the whole interior region of the 
contineut. 

732. Several writoi*8 have devoted attention to the cause of the tree- 
lessness of the plains; and while on one band it has been argucd that 
the whole, or almost the whole, interior region of the continent haß been 
foi'est clad ; it has been contended by others that the greater j)art of the 
ai*ea ha» never been covered with trees, and certain reason» have been 
brought forward which show, in the opinion of those on thi« sideof the 
controversy, that the prairies are incapable oföupportinga forest growth. 
The plains are known to have been thickly clad with coniferous and other 
forests, in the Tertiary period, but thereare other circumstances teuding to 
show that in comparatively modern, and post-glacial timos, a very mueh 
greater area was tree-clad than at present. Chief among these is the great 
abundance of land and fresh-water Shells, in the later deposits of the 
Missom*], already mentioneU, and the gradual desiceation, which, on 
the testimony of many obserx'ers, haß been, and is still, going on over 
great areas of the West. This, though it may at present be intensified 
by extrar-ten-estrial influences, bnnging about cyclical changes of cli- 
mate, cannot be entirely attribiited to such causes, but is the natural 
result of the decreasing area of the region of forest. Against these 
facta may be placed others tending to an opiwsite conclusion, or at 
least to the modification of the idea of the former universality of 
forests. The absence of Systems of drainage vallies in many regions, 
has been already referred to, as showing the improbability of former 
great rainfall. The absence of any remains of old forests, or of roots, 
or drift-wood in the subsoil and alluvial deposits of the greater part 
of the plains, would appear to have a like meaning. It would seem 
most accordant with the facts, as they are at present known, to con- 
clude that, since the glacial period, the plains have never been entirely 
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covered with forest; but that exteneive prairies bare continned to 
exist in the drier regions, from that time to the present day. 

733. The cauaes now in opemtion tending to the perpetration and 
spread of tho treeless area, are äufil(L*iently obvious, bcing prairie fires and 
their attendant consequences. Jiulging fi'om the present origin and in- 
fluence of these conflagrationn, iL can haixily be doubted, that ever since 
tho first peopling of this continent, the area of troeless praii-ie has been 
in process of enlargement in an inci*ea»$ing ratio. 

734. In the vicinity of the forty-ninth parallel, west of Turtle Moun- 
tain (long. 100^), trees are nover found growing on the open surface of the 
piain. When they exist, thoy lurk in sheltered river vallies and ravines, 
where they are protectod, in great measure, from the sweep of prairie 
fires, and find more abundant moisture ; yet even in these retreats. thoy 
sulfer ijeriodical destruction. On the growth of ti'ees for a number of 
years, they becorao surrounded with much vegetable matter, and the fire 
catching in this, burns down into the valley, and sweeps away a greater 
or lese area of woodland. 

735. Tho increase of the area of tho plains at the borders, and the 
dostniction of the forest, are clearly perceptible, and have been noticed by 
all the explorcrs of the region. Capt. Palliser writes : — " Large tract» of 
couotry now prairie lands have at one time gi-own valuable forests, and 
their present absenec is the result of the repeated ravages of üre, Where 
a scattered and stunted gi'owth of willows is found, as a general rule 
was ancient forest land, which, when dug to a sufiicieut depth, still dis- 
closes numerous roots of destroyed timber,'* and in another place : — " It 
is most lamentable to seo so often such masses of valuable timber des- 
ti*oyed, almost invariably by wantou carelessness and mischief. The 
most trivial signal of one Indian to another has often lost hundreds of 
acres of forest trees, which might have bix)ught wealth and comfort to 
the future settler, while it has bronght starvation and misery to the 
Indian tribes themselves, by spoiling their hunting graunds. The 
Indians, however, never taught by experience, still use * signal fires * to 
the same extent as in former yeai's, di'iving the animals from their re- 
treats, and marring the fair face of natui*e for the future colonist." * 
Mr. Selwyn, in bis last published report, makes the foUowing i-emarks on 
the same subject : " The drying up of the country already alludedto has 
been ascribed to vai*ious causes, but is gcnei*ally supposed to be con- 
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«Exploration of British North America, pp. 83, 89. 
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nected with the gradual destruction of the foreets over large areae, by 
fire, diminishing the rainfall. Whatever tbe effect may be of these de- 
structive oonflagrations, in reference to the water supply of the region, 
there ie no doubt that at different times almost every Square mile of the 
country between Eed Eiver and the Eocky Mountains, has been sub- 
jeeted to them ; and that hundreds of miles of forests have thuß been 
converted into wide and almost ti*eeles8 expanses of prairie." Now 
that attention is so prominently drawn to the North-west as a region 
for settlement, it seems time that some legislative action, having for 
its object the prevention of these disasterous prairie fires, should be 
taken. 

736. With such a potent cause as this still in active opeitition, it 
would scarcely seem necessaiy to search further ; yet to account for 
the present treeless condition of the plaine, many theories have been 
brought forward. It has been contended that the extreme fineness of 
the prairie soil jjrevents the growth of ti*ees,* but in the Eed Eiver 
and Mississippi Vallies, trees are found growing, and attaining a very 
large sizo, on the finest varieties of this soil. Again, the peaty cha^*acter 
of tbe soil, is ui*ged as a cause of treelessness. It is supposed to have 
been foimed during the gradual recession of great lakcs, and to be 
unfavourable to the gix>wth of trees, like that of modern peaty sMramps, 
from the Proportion of ulmic acid which it contains.f The firm and 
tough nature of the prairie sod, and the well established supremacy 
of the grasses, is also mentioned, and is no doubt a true cause to 
a certain extent. The presence of ' alkali' or saline matter in the 
soil, has also been suggested as a cause, and though it may have some 
effect in exceptional localities, I have not observed that its occuri*ence 
in small quantity is incompatible with the growth of trees, except in 
so far as it may tend to show the too great drj-ness of the soil. It 
has also been stated, that as at a comparatively modern period, the 
whole interior i*egion of America has been submerged, and as large 
lakes are known to have covered extensive areas of low-lying pi'airie 
in even more modern times; that the forest growth has not yet had 
time to spread again over the re-elevated sui*face. X ^t seems to have 
been forgotten by the advocates of this last theoiy, that many of the 
trees best suited for growing on the prairie, have light winged and 



♦Whitney, Oeology of Iowa, vol. I. 

t Leaqueraux, Am. Joum. Sei. and Arta, May, 1866. Oeology of niinois, vol. i., 1866, &c. 

: A. WinchttU, Am. Joum. Sd. and Arta, Nov., 1864. Sketchfls of Creation, 1874. 
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foathered »eedn, capable of long aerial flights. TLe variouB Bpocie« of 
poplai-H and willows may be specially mentioned, and it iö a fact whicb 
any one can observe, that the Beeds of tho birch are ofton foimd far fix>m 
woods, drifting over the open eountry with the snow. Thei^e are pro- 
bably few large areas of the plaiu» which are not eveiy yeai* moi-e or les» 
thickly seeded with, at least, willow and poplar. 

737. The exce^M of moluture in the 8oil, during some months, has 
also been broiight forward, but certainly cannot apply to any consid- 
erable area went of the Mit^iHtiippi and Bed Biver. The diyness of the 
Boil and atmo^phere, ae a cause of treelessnesH, has deseiTedly reccived 
more attention, and i» undoubtedly a true cause over great ai'cas. Prof. 
Dana upholds this theory, and has very clearly shown the reiation of 
pmiries and regions of drought.* The seeds of trees and shrubs, and of 
all plantH, except those suited to withstand the greatest desiccation, 
though they may be scattered broadcast, and may germinate iu the 
spring, are, in raany districts, witliin a few months killed by drought; 
or, even where the moistui'e may be sufficient fbr their growth, it may 
not be enough to atford protection fi*om fire. In these regions a patch 
of forest once deatrbyed does not renew itfielf, and can only be i'estored 
by care and cultivation. 

738. The area of the inteiior plains can never, since the complete ele- 
vation of the Rocky Mountains, have been a very moist one. The winds 
with their prevailing direction towaixi the east, in passing over thi*ee to 
five hundred miles of serried peaks and ridges, loose a great proportion 
of tlieir moisture; and a great part of the rain which should be spread 
over the entire west, is expended on a comparatively naiTOW strip of 
countiy along the coast. All the facts at present known, however, 
strengthened also by analogy with other countries,* appoar to show that 
the dryness of the plains is in gi*eat measure'intensified by their treeless- 
ness. The very dryness of the atmospbere and soil, is thus brought abont, 
to a great extent, by the destruction of forest areas by fire, and the etfect 
is a cumulative one. When therefoi-e it is asked — why, if the prairies 
were originally in great part forest-clad, they do not now show any ten- 
dency to revert to that condition, or even to renew the growth of trecj* 
over lately burned areas ? It may be answered : that while the area of 
prairie was still quite small, thero would be an immediate effort in that 
direction, butthat as the prairie with its hot, paix^hed, and rain-repelling 

« See especially Am. Jour. Sei. and ArU, voU XL., p. 297. 
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8m*face increased, the effort would become more feeble. Around ite bor- 
dei*8 the forest is howevor still capable of spreaiding spontaneously where 
protection from fire is affoixled ; aiid it is obaervable, that in many direc- 
tions the prairie land has already reached its natural limit, and that its 
further extension, and the accompanying inci*ea8eof drought, are checked 
against regions too much brnken by irregularity of surface, or sub-divided 
by Bwamp and lake, to allow wide-sprcad conflagi*ations. 

739. Many facts ai*e already known which tend to show the pi^ogres- 
sive desiccation of the West in modern times ; and explorers are con- 
Btantly meeting with additional evidence of the same kind. Over the 
greater part of Montana, forest once destroyed is not naturally renewed, 
here and there a few trees ai^e found which appear to be remnants of for- 
mer forests, and there is some reason to believe that " even where ondis- 
turbed by the hand of man, the forests are gradually disappearing from 
natural causes."* Similai* facts are also observed in Califoioiia. In Da- 
kota, Pi*of. Thomas finds 'dry lakes/ or the diy basins where lakes 
formerly existed, now entii'ely devoid of water, and which do not appear 
to have been in this state many years. Even the lakes which still con- 
tain water, are said to have the appeai*ance of decreasing year by year. 
There are also evidences of former swampy spots where the grass is still 
more luxuriant than that surrounding it, but the water has disappeai*ed 
from the sui-facc^f These hollows and lakelets no doubt resemble those 
of the second prairie plateau north of the Line, and though I believe 
many of the appearances bear other intei'pretations, there still appears to 
be a residuum of evidence in favour of change of climate for the woi'se. 
In south-westem Minnesota, Prof. Winchell has x*ecorded facts concerning 
the foi*mer deposit of calcai*eous tufa, which appear to havea similar 
bearing. J Mr. Selwyn's obsei*vations to the same effect on the second 
piidine steppe between the Qu' Appelle and the Saskatchewan, have been 
already refen-ed to, he writes with regard to the little lakes of the 
prairie : — " They appear all to be gradually diminishing in size or drying 
up. This, Macdonald teils me, has been going on steadily for several 
years. He says that what were formerly large lakes are now small 
pools, and all the lesser ones are already quite dry, and their beds over- 
grown with grass and weeds." § 

740. Evidence similar in tenoi to the above, is met with constantly 



* Ü. 8. a«ol. Surv. Territ., 1871. t U. S. Geol. Surv. Territ., 1872. p. 306. 

, I 'l SooondlAimiud Beport. Oeol. Snrr., Minn., p. 197, 
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on the plain8, and the change towaixl deHiceation woald therefore 
appear to be widespread, and 18 often, even by the least scientific 
oböei'vers, attribiited directly to the deerea^ed ai-ea of forest. That 
this may at least be a greut part of the cause, is rendered evi- 
dent from the proved effect of the desti'uction of forest-land, in other 
and better known regions. Where countries sitnated in a too humid 
and chilly climate, have been to a great extent bared of forest, direct 
amelioration appears to have resulled, but where this denudation has 
been carried to excebs, or where the i*ainfall is naturally not more 
than sufficient, disasti^ous effects have followed. The annaai rainfall 
has been observed to diminish, or in places whei*e it is small, the Sum- 
mer precipitation has failed altogether. The climate has become more 
extreme, Springs have disappeared, and districts formerly ander ciilti- 
vation have had to be abandoned. 

741. Sir R. Mnrchison obsei'ved such effects in Bossia. He writes : 
'^ The axe of the miner has been a prime cause . of this increasing 
drought. The inhabitants of the Ural Mountains, complaining of the 
annual decrease of water, invariably refer this effect to the Clearing 
away of the folgest.** Dr. Strzelecki, speaking of New South Wales, 
says : " The destruction of forests has rendered the climate drier, and 
is thi'eatening the intei'ests of agricultui*e."^ Similar i^esults have been 
observed to follow the Clearing of forest land8 in France, Spain and 
other countries of Europe, in Africa, in India, and elsewhere ; and were 
the fact disputed it might be substantiated by other references and 
quotations. Boussingault, Sir John F. W. Herachel, and other meteoro- 
logists, who have given the subject attention, concur in tlieir estimate 
of its importance. 

742. The converee of this proposition can, however, fortonateiy be 
pi*oven, and increased rainfall and general amelioration of excessive 
climatcs, have been found, to a greater or less extent, to follow the 
renewing of forests, and in some cascs to result from the judicious 
planting of compai-atively inconsiderable ai*eas of trees. These results 
have naturally been observed, for tho most part, in the old world ; and 
especially where attention has been paid to forest growth and cnlture 
for some time. Babinet and Blangi concur in stating that rainfall has 
been caused in the pi'cviously rainless regiou of Lower Egypt by the 



* Quoted hy A. Fryer, in a ierles of artideB, entitied the Influenoe of ForaBts on Rain&Il, pablktMd 
in " The Sugar Caue.'* Mnch valu&ble infonnation on thie subject has been onllected by Mr. Flyer. 
See also memorial on behalf of the Board of Agriculture to the Legislatnre of Maine, 1869. 
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growth of plantations, and a similar effect, coupied with the increase of 
Springs in number and volume, has been noticed in France, South 
America, Australia, Madeira, St. Helena, and other countries.* 

743. A conntry clothed with arboreal Vegetation is, to a great 
extent, protected from demiding agencies, by the mat of vegetable soil 
with which it becomes covered. The shade afforded by the trees, also 
preventß the too rapid abetraction of moietui'e from the soil, and it 
is aecumulated in the snbsoil, and the snpply of Springs and rivulets 
regiilated and maintained. The precise manner, however, in which a 
mantle of trees aets, in causing increased precipitation, is not so well 
known. The foliage, no donbt, tonds to retard and an-est currents of 
air, and by lowering the tempei^atni'e of the stratnm nearest the earth 
causes the formation and growth of clouds. It would appear, however, 
that a great part of the influenee is of a more subtle natm*e, and depends 
on the electrieal State of the air and earth. Mr. Piyer evidently inelines 
to that opinion. Trees i*ooted deeply in the daroper layers of the soil, 
and ending upwards in innumerable conducting points and edges, must 
tend silently to neutralize the differently eleetrified air and earth, and 
relieve that state of tension, which, when it exists in the former, canses 
the repulsion of the aqueous pai-ticles, and prevents their coalesence and 
preeipitation. The praine grass when it is green and fi*esh, may, to 
some extent, have, in this way, the same eifect as trees ; but it is at once 
appai'ent, that a bot and parched smface, whether of rock or sand, or dry, 
withered grass, mnst not only not attract rain, but actnally tend to repel 
it, and prevent the preeipitation of the moisture existing in the atmos- 
phere. Last year, on the second prairie steppe, I noticed the formation of 
clouds over the broken and wooded area, known as Turtle Mountain, 
which, though it may have been brought about in some measure by its 
elevation, seemed to be caused chiefly by its forest-clad surface. The 
wind was fresh, and blowing from the south-south-east. and though the 
whole nky was hazy, with light clouds, a persistent cloud-cap seemed to 
form over the higher wooded ai'ea, and tail away towards the north, 
some light showei^s falling upon the mountain at the same time. 

744. The (freat West of America is too new to have yet aecumulated 
many faets fh)m experience, but in several directions, encouraging results 
have ali*eady been obsei*ved to follow the advance of settlement, and the 
planting of trees. " When the Mormons first settled in Utah, they found 

*Se« Fryer, loc, dt. 
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thedistrict harren. Water had to be brought almoBt inoredible di^tances, 
in wooden pipes. Trees were carefully planted, and nourished with the 
water so brought, and now the distinct raay be termed the garden of the 
World, and is not dependent on water brought fi-om a distance, but enjoys a 
steady rainfall."* I am infoimed by Mr. Groo, editor of the Salt Lake 
Herald, that the climate is still changing rapidly, he wntes : '' The lake is 
gi*adually rising, and has been for many years. It is perhaps four or five 
feet deeper than it was twenty years ago. This is doubtless due to change 
in the character of the seasons. Each year the amount of i'ain that falls in 
this Valley is greater than that which feil in the previous season ; henee 
the streams of water which flow into the lake are larger. The water of 
the lake is not so sti-ongly impregnated with saline matter as formerl^, 
and not hq mach salt is found on the shores, as there was a few years 
ago.*' Dr. Hayden, as far back as 1867, is able to write: — " The settle- 
ment of the country, and the increase of the timber have already 
changed for the better, the climate of that portion of Nebraska lying 
along the Missouri, so that within the last twelve or fourteen yeai-s, the 
rain has gi*adually inci^eased in quantity, and is much more equallj' dis- 
ti'ibuted thi*oughout the year.^f And again, in 1870, " It is ti*ue that, 
over a width of one hundred miles or more, along the Missouri River, 
the little groves of timber are extending their wea ; that Springs of 
water are oontinually issuing from the ground where none were ever 
known before; and that the distribution of rain throughout the yeai* is 
more equable." X Mi*. B. S. Elliot states that there is a populai* persua- 
sion in Kansas, ^* that a climatic change is taking place, pi*omoted by the 
spread of Settlements westwai-dly, broaking up portions of the pi'airie 
soll, and the covering of the earth with plants which shade the ground, 
more than the short gi-asses. The fact is also noted, that even where the 
l^rairie soil is not disturbed, the shoH buifalo-grans disappeai*8, 88 the 
'frontier* extends westward, and its place is taken by gi*asses and other 
herbage of taller growth."§ 

745. The treeless plaius of the western portion of the United States 
are estimated to have an area of 400,000 Square miles ; adding to thia 
the plains north of the forty-ninth parallel, with a pmbable area of 
192,000 Square miles, wo obtain as an ap2)roximate total area of the 
gre&t treeless plains of North America, the sum of nearly six hundred 
thousand Square miles. The injurious eflPect of a treeless region so vast 
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as this, on the cliraate of the westem part of the continent generally, 
cannot but be veiy great; and if in the course of time, any considorable 
fi^action of \t can be planted with trees, or brought iiuder the plough, the 
resulting amelioration in climate will be remarkable. 

746. Mr. Elliott in bis report, makes the foUowing veiy suggestive 
remarks: — " Were it posaible to break up the sui*face*to a depth of two 
foet, from the ninety-seventh meridian to the mountains, and from the 
thirty-fifth to the forty-fifth parallel, we should have in a Single season a 
growth of taller herbage over the entire area, less reflection of the sun's 
heat, more humidity in the atraosphere, more constancy in springe, pooIs, 
and streams, more frequent sho¥;:ei'8, fewer violent storais, and less 
caprice and fuiy in the winds. A Single year would witness a changed 
Vegetation and a new climate. In three yeara (fires kept out) there would 
be young trees in numerous places, and in twenty years there would be 
fair young forests. — The limited area which it is in our power to tum up 
by the plough, will have the same result« in kind, to follow a breaking of 
the entire surface, but less effective than if the opemtion were universal. 
Yet a beginning can be made by the Eailway Company, and by indivi- 
duals. — A few aci'es at intervals across the plains, or only a few clumps 
of trees growing without regularity will be a demonstration more effective 
than theory."* 

The possibility of the successful growth of trees on the prairie, 
when the most suitable loealities are chosen, and pix)per care given to 
their planting and cultivation, has already been deraonstrated in many 
parts of the West. Many interesting facts on this point, and on the ra- 
pidity of growth of the trees, will be found scattered through the various 
repoils on the Western Territories of the United States. Dr. Hayden 
gives the following statistics of growth of plantations in Nebraska, some 
of them situated on the higher level prairie, six hundred feet above the 
Missouri Kiver.f Cotton-wood (Populus moniUferd) of seven yeare gi-owth, 
with a circumference of 2 feet; ten yeara growth, 2 feet 4 inches to 2 
feet 11 inches, and 25 to30 feet high. Soft maple (Acer rubrum) of seven 
years growth, with a circumference of 1 foot 10 inches, to 2 feet 1 inch, 
and 15 feet high ; ten years gi'owth 2 feet 8 inches. Box-elder (Negundo 
aceroides) ten years old with a circumference of 2 feet 2 inches. And 
other varieties of trees showing similar rapid increase in size. Dr. 
Hayden is of opinion that within thirty to fifty yeare forest trees may be 

• loc. eit., p. 457. t U. S. Oeol. Surv. Territ., 1807-69. 
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gix>wu lai*ge enough for all economical purposes, and instances a cat^e in 
which, in ten years' time a fai*mer was able to supply his own fuel from 
the limbs and dead trees of hiH plantationH, whieh would otherwise have 
gone to decay, 

747. It has been. estimated that about one-thiM of the sai*faee of a 
country should be in the state of forest to 8ec^ui*e the gi-eatest climatic 
advantage, and to yield a Buffieient supply of wood for the various pur- 
poäe9 of »ettlement and civillzatiou. Such au estimate id necesHarily 
only appi*oximately correct, and there ai*e variouH circonitttanees, diifering 
in each locality, which tend to modify it, chief among which is the pre- 
sence of mineral fuol, and the noighbourhood of extensive and uubroken 
traets of forest. If, however, it be reduced to one-fourth, to cover the 
case of the parts of the North-west more immediately suitable for zettle- 
ment, it will still be appai*ent how far these fall short of the required 
pi*oportion. In the territory of Dakota, the liighest estimate places the 
timbered ai*ea at fi*om 3 to 5 per cent of the whole only. The pfoportion 
of timber in the Province of Manitoba, as at present constituted, is much 
greater, bat is still too small ; especially when it is taken into considera- 
tion that a great part of the woodland lies togcther in the easteru region, 
and is far removed fi*om niany of the disti*icts best suited for agiicaltore. 
West of the lOOth meridian, there are regions of greater size thaii this 
Province in which the tree-covered area is almost nothing. 

748. In Manitoba, and the North-west generally, then, on*tho first 
intiXMluction of settlement and civilization, ])i*obIem8 conceming the 
maintainence and planting of forest« are found, whieh have not presented 
themselves tili late in the history of most countries, and have then given 
rise not only to extensive enquiry and research, but to the inclusion of 
Forestry as a branch of the Civil Service, and tlie appoiutment of 
skilled supenntendents and consei'vatora. Though it has been elearly 
proven that there is an ai-ea of the Canadian North-west capable of 
immediate settlement, and sufficieut for some time to come ; there are 
vast regions in which the evils of the absence of timber, and its attendant 
rcsults, are too great for the settler to struggle against unaided. Con- 
sidering that the amelioration of the conditions in these regions must be 
awork of time, it cannot be too soon begun, and must proceed either as a 
public work, or one encouraged and protected by the Groverament. 
Woods and belts of timber, ali*eady existing, should be protected and 
maintained ; ai*eas formerly wooded, replanted ; and the planting of wood- 
land de novo pushed forwaixi in every suitable locality. It cannot bo 



CAPABILITTES WITH RBFEBBNCB TO SETTLEMENT. 321 

donbted that the results of such a policy will be, not only the redemp- 
tion of great areas of wild, open prairie, but a very sensible improveraent 
of climate. 

749. The question, however, for it8 satisfactory and rapid Solution, 
requires the fonnation and execution of a comprehensive scheme, which 
shall embrace not only the direct planting and protection of trees, but 
he shaping of the general policy, with regard to the settlement of the 
country, to the same end. In such a scheme it would appear to be 
necessary to consider the following points : — 

L The planting of trees shauld be undertaken and enccuraged. 

750. This nüght i'equire to be carried out as a public work in the 
remote districts, but where settienxent is going on, or has taken place, the 
planting of sufficient areas might be brought about by legislative action ; 
which might take the foiiu of exemption from taxaüon for a certain num- 
ber of ti'ees set out, or even in exceptional cii'cumBtances, be of the nature 
of a direct bounty on planting. In sevei'al of the Western States and Terri- 
tories such a coui*se has been adopted. In Nebi*a»ka, where more planting 
has pi'obably been done than in any other country so new, the act of 1869 
exempts fi'om taxation property to the value of $100 for five yeai*s for 
each acre of forest-trees planted and cultivated f9i' timber. It being pro- 
vided that the ti*ees are kept in good growing oixler and set not more 
than twelve feet apai*t. This enactment is said already to have produced 
a very con^iderable effect, many settlers availing themselves of it. The 
French, Italian, and other Goveinments have similai* regulations.* — 
Bussia with regard to the distribution of its forests much resembles 
British Amenca, for though it» wooded area is estimated at forty per 
Cent of the whole, it is very unequally distributed, and internal communi- 
cation is yet imperfect. The Southern Provinces ai*e very poor in tim- 
ber, and sinee 1842 a Government Forest Administi*ation has been 
planting largel3\ Between 1866 and 1870, 20,000 aci'es huve been planted 
exclusive of the action of private owners. f 

751. An impoi*tant item under this head is the coUection and circula- 
tion of information, both with regard to the species of trees most suitable 
for each looality, and the best methods of*planting and cultivation. Ex- 
perimental plantations of different Idnds of trees, indigenous and foreign, 
in the varioüs districts, would be very instruetive. Nature, of course, 
to a certain extent, indicates the best species to occupy advanced positions 

* Soe F»yer Im. eit. 
t P. N. W«rekhft i^oHoe wr les /oreU «t Uur yroduiU, QaoWd in Nature, Jan. 88, 187&. 

21 P 
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on the plains, but there may be othera, which if iiitroduced, would Bucceod 
at leuät equally well. The various H]>ecie8 of spi-uce and pine, though not 
oeeurnng naturally on the prairie region, if they will gvow there, would 
form efficient wind-break«. Among othor trees particularly »uitable, may 
bo mentioned the vanoiis «pecies of poplara and willown,* which have 
the ad van tage of beding easily pmpagatcd b}" euttingw, where the soll 
is at all damp in spring ; and also the anh-leaved maple. All the^^e are 
trees of rapid growth. For low gw)und or the boinlew of sloughn and 
oouldc», olmH Ruggent themselves m a valuable addition ; and to necare 
the permanenco of wood« when once eBtablished, oak» — of which neveral 
specioH would no doubt Hucceed — birch, and other hard-wood treen, 
should be planted among the poplai*H and maples, an<l when these are 
failing, will still be in their firnt vigorous growth. It has also been 
argued with much »how of reason, that to produce the gi-eatest amonnt 
of wood, and timbor of real practieal utilit}', Buited to fencing, and 
other nceds of the settler, the treow should be planted mach cIoBer 
togcther than suggested by the Nebraska law. Tliey then sapport 
(\.ch other better against the boistei-ous wind« of the pmrie, and 
form cloan long BtickH, which can bo thinned out aa occasion requires. 
It has alHO been pointed out by Mr. Ilodges that they shade the 
gi*ound when thickly planted, and prevent the growth of grass irom 
interfering with them. 

752. From facta alreudy stated it will be seen that the growth of 
trees of fair size i» not necessarily the work of a gi-eat niany 
yedi*», especially if some care be given them, and ploughing about their 
rootB attended to while young. The wood out out in thinning a few 
acros, w^ill, after a few yeai-B, nerve the fai*mer for fuel, which if counted 
at the current rate«, will in a shoii; time pay the coHt of planting and 
attention. The settler then finds hiniKolf with a valuable area of wood- 
land, woi-th perhaps $10ü to $200 per acre. When it once becomee 
well undei'stood that the gi-owth of timber trees from the seed, ia as 
certain as that of any other ci*op, and that they roquire a compai-atively 
small amount of cultivation, it will cea«e to be necessary to induce the 
settler to plant and care for them. 

IL Econamy in the use of Wood shovM he observed 

753. This must be done for the most part indirectly, by popularizing 
Bubstitutes for this material, For building pui-poses, whei'e wood is 
ßcarce it has only to be shown that itis possible to make concrete or ar- 
titicial ötone from some of the gravels of the district ; which will make 



CAPABILITOBS WITH RS7ERIN0S TO 8VTTLSM1KT. 323 

80 snbfitaiitial and wann bnildings, and more permanent ones, to dis- 
coorage the U8e of trees fbr this porpose. Many of the prairie Bubaoils 
and clajB will make bricks, bnt f\iel iB usually required to burn them. It 
has been fonnd, however, in some partB of tbe westem territorieB that 
presBed and Hnn-dried bricke stand veiy weih 

764. It is for fuel, however, that the greatest quantity of wood 
iB required ; and to economise in this respect it iB neeesBary to encourage 
in every way the oi)ening upof the variooB bed» of ooal and lignite. Also 
to have the areaB likely to yield Buch fael careflilly Burveyed and teated 
by boring or otherwise, bo that the moet eligible partB of them, and thoBe 
nearest the thickly Bettled diBti-ictB Bhall be deiennined. The probability 
of the diBOovery of Buch foBBil fael in variouB pai*t8 ofthe prairie region, 
has already been diBCUBBed, and Bomeihing has been Baid on the poBsibility 
of obtaining a supply ofpeat, with espeeial reference to the valley ofthe 
Bed River. This is a material not to be doBpised, when it can be ob- 
tained of the beBt quality ; and which, when the price of fuel is rather 
highy will bear transport to a considerable distance. There are also many 
areafl which yield an inferior peat, much mixed with earthy matter, 
which may yet be dug and used on the spot with advantage. This may 
be diBtinguished as sloughpeat, and bs it occurs on the prairicB, generally 
formsa comparatively shallow Stratum of a foot or two at the bottom of 
the little depreHBed swamps, or half-dry lakes. Many a farmer, by a 
little seareh in his immediate neighbourhood, might find spots where it 
would be easy to obtain this material, and by digging it out in blocke 
and Btaeking it, might lay by the greater part of bis winter's supply of 
fliel at a small cost in laboar.* 

765. Under this head, too, comes the opening up of proper means 
of communication, by which coal from the mines, which may be estab- 
lished, and wood fVom the larger forests, may be brought to districts im- 
perfectly supplied, and prevent the destruction of scattered areas of wood- 
land. 

///. — Prevention of Prairie and Forest Pires, 

756. No Bubject roquires more immediate and strict attentioo than 
this, for unlesB measures are taken to ötop these destructive conflagra- 
tionfl — the effects of which have been already refeiTed to — ^no appreciable 
benofit will result fi-om the adoption of the other means. It may 
be Said that it is veiy difficult to prevent the Indians from firing the 

«Oompve N. H. WincbaU In Seoond Anniul Report 0«oL Surr. Mino., wbore Mi InterMtin^ r^tuiM 
of UM virfotu procCMO« empluyeJ In peat maoufactur« will »Im l^e (oond. 
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prairic, whieh Ib true, but only applies to the regions far beyond anj 
in which Bottlement is likely to take place for a long time ; and ihese 
firos Beldom spread many hundred miles, without being checked by 
rain or othei'wise. It is nnfortnnately the case, however, that the 
Bettlers themselves have acquired a habit of firing the grass in autumn 
or early spinng, wlth the idea of pi*oducing better grasing, and Clear- 
ing out the hay swamps. It seems urgently necessary that legislation, 
enforced if need be by rather severe penalties, should bring this cnstom 
to an end ; or at least if it be considered a hardship io prohibit 
it altogether, to resti*iet it greatly, and allow it to be applied to 
small areas only, which ai*e surrounded by a good broad ploughed line. 
It should also be rendered imperative that the fire »hould be watched 
during its progress, that if through any carelessness, it surpasaes the 
bounds, the person sctting the fire should be in a measure responsible for 
the consoquences. It is of courae easy to circumBcribe fields, buildingB, 
and fencoB, or plantations, with a few plough furrowB, which if care- 
fuUy turned, form a very efficient barrier to the fli'e; but the wood 
gi-owing at large on the prairie, and the belte of timber along the 
rivei'B and coul^es, suffer almost annually f^*om the ineursions of fires, 
and are prevented f^m spreading, as they otherwise would. A better 
illuBtration of this eannot be found than the Bed River Valley south 
of the Boundary-line. The fires on the westom, or Dakota bank, are 
much more frequent, and have a broader sweep, and are also very 
generally urged forwaiti by the prevailing wind. The woods fringing 
the Btream on this side are consequently thin and ])Oor, compared with 
those on the eastem bank; and there are great ai'eas covered only 
with burned * rampikes,* and straggling bushes. The fire sweeping 
acroBB the prairie Ib almost immediately extinct, bat when it is carried 
forward to the thick holt of oak or elm trees, maintains itself in the 
dry vegetable soll and half-decayed timber, and may be detected by 
its lurid glare at night, often for a long time. 

TöT. The advantage derived fi'om buming the old grass is very 
ßlight, and the young blades aj'e expo.sed to the action of the night frosts, 
and to drought, in a manncr which cauHcs them to become stunted and 
soon dry. If the hay-ewamps werc properly cut the preceding year, 
they would not require to be burned. It will also be found moi-e advan- 
tageous to enclose ground, and sow pi'oper hay-grass, and to place less 
reliance on the camparatively poor and thin prairie hay, which the 
faimcr has sometimes to go a long way to obtain. 
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(A) Note an the Plants, collected hy Mr. Q, M, Bawson, front the Lignite 
Tertiary Deposits, mar the Forty-ninth FaraüeL 

Bt J. W. Dawson, F.R.8. 

The specimens consist of leaves and other remains preserved in shale, and of 
silicified woods, mosily found loose ; but without doubt derived from the same forma- 
tions with the other remains. Vegetable gtrnctures also appear in somc of the Lig- 
nites, and can be developed by the action of caustic potash, or nitric acid. 

I. — LKAVE8 STC, IN 8HALS. — (PLATX XTI.) 

The greater part of these are in a light grey or brownish sbale, from Porcnpine 
Creeky and the vicinity of Wood Mountain ; but another and somewhat distinct group 
of spccies occurs in dark grey shale from Grcat Valley^ from beds believed to be vcry 
neckrly on the same geological horizon with the others. The first and morc important 
group, with reference to numbers and State of preservation, we may designate the 
the Poreupine Creek Orou^ ; the second, the örtat Valley Oroup, 

The phints of the first of these groups are for the most part identical with those 
found by the American Geologists in the Fort Union series, and which have been 
described by Prof. Newberry and Mr. Lesqucreux. They are also similar to piants 
collected by Dr. Richardson in the Lignite series of the Mackcnzie River, as described 
by Heer, and represented by specimens in the coUection of the Geological Survey and 
of the üniversity, They also approach very closely to the so-called Miocene floras 
of Alaska and Greenland, as described by Heer ; and in their facies and In several of 
their species, they coincide with the Miocene flora of Europe. 

If we were to regard the affinitics of the piants merely, and to compare them 
with the Miocene of other countries, and also to consider the £Etct that several of the 
species are identical with those still living, and that the whole facies of the flora coin- 
cides with that of modern tcmpecate America, little hesitation would be feit in as- 
signing the formation in which they occur to the Miocene period. On the other 
band, when we consider the fact that the lower beds of this formation hold the 
remains of reptiles of Mesozoic type, that the beds pass downward into rocks holding 
Baculitcs and Inocerami, and that a flora essentially similar is found associated with 
Cretaceous marine animal remains both in Dakota and in Vancouver's Island, we 
shonld be inclined to assign them at least to the base of the Eocene. They have in 
fact been thus variously placcd, and recently Lesquereux has attempted to sulxiivide 
the beds of the corresponding rocks in the United States into a series of groups^ 
ranging from the Cretaceous to the Miocene. 
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In xny jndgmeni, any precise decision as to their geological age is prematnre. 
We have before us the fact that at a time when the Cretaceons lanna still preyailed 
in the sea, the land plant« of America hßd already comQ in under the existing ge&erie 
forma, and that Bome modern Bpecies had been introduced, and in the interrening 
time, while very decided changes have taken place in animal life, thia flora has per- 
sisted with only flpecific change, and with no marked breaks. At the same time, it is 
evident that local diversitles of Station were suificient to produce yery dlstinct floras 
in different localities at one and the same time, and the palieontological botanist is 
constantly in danger of mistaking local diversitieB for ditferences in age, and on the 
other band, if correlating bedB of different ages, in conBequence of the Bimllarity of 
their foBsiU. 

In these circumBtances, it is raah to identify the beds, on the evidence of plants 
alone, with particular snb-diviHionB of the Tertiary elsewhere. In order to do thiB 
with certainty, it will be necessary to wait until the stratigraphical relations of the 
beds are better understood, and until sufficiently eztensiTe collections havo been 
made to enable us to eliminate local dilTerences, and to onderstand the actnal pro- 

ff 

gresB of the changes on the great scale which have occurred between the Cretaceons 
'period and the present timc. In the meantime, it is snfficlent to hold that we have 
here a flora which in Europe wonld be regarded as Miocene, bnt which in America 
probably began to ezist at a mnctf earlier date. 

The small collectiun of plants from a dark clay, at Great Valley, indicates a 
somewhat different assemblage of species from that of the other localities, though 
believed to be on the same geological horizon. The leaves are mostly fiagmentaiy, 
and not so well preserved as those of Porcupine Greek. Among them are Ck>niler8 
referable to Sequoia Langtdotßi and GlyptoHrobut Europmu^ a Populut with large 
round cordate leaf, having distinct obtnse teeth, and plnnate venation, and resembling 
P. ffrandidetUaitu, a Sapindtu^ perhapB S, afinit of Newbcrry, a Cinnamomum, one or 
more narrow-Ieaved species of Querem^ a leaf similar to Hedera MeClureii of Heer, 
and the remarkable equisetaceous plant described below, Phyiogenia Parlatorüf Heer 
Such an assemblage, supposing it to be on the same geological horiaon, may be 
accounted for by supposing a marked difference of Station, or some local change of 
Vegetation, depending, for ezample, on an extensive forest fixe, or perhaps the afflu- 
ence of a river bringing vegetable material from a distance. The flora as a whole 
has perhaps more resemblance to that of Lesquereuz's fburth or Green River group, 
as mentioned in Hayden's report of 1873. 

The following list of species includes all the forms which I can certainly identify 
with the aid of the present material. In determining several of the species, and in 
comparing them with those found in the United States, I have been much aided by 
the kindncBB of Prof. Newberry. 

Filicet, 

ChcooLBi. 8BMBIBIL18, L. — This weU-known modern Fem, which occurs also in the 
Miocene of the Isle of Mull, in Scotland, and in the Fort Union group of Dakota, U 
found in great abundance in the clays at Porcupine Creek. Dr. Newberry has shown 
that it is not distinguishable from the existing forms, but most r^sembles that known 
as var. oblusiloba of Torrey. 
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Datallu (Stiholoma) tbvuifolu, 8w. — In the collections from Porcupine 
Or«ek, thore^are sevei^ fragments both of buren a&d fertile fronds, vhich I cannot 
distinguinh from this widely distributed Aaiatic species ; I give magnified tracings of 
portions of the foMils for comparison. I bare not had receat specimens of the 
banren firond, and nogr determination is therefore based npon comparison of the fertile 
fronds, for specimeniB of whicb from the Himalaya«, I have been indebted to the kind- 
neas of D. A. P. Watt, Esq., of Montreal. In any case, this fem is of the type of 1), 
tenutfoUa^ and represent« a genus not now fonnd in liforth America. It Is fonnd in 
the same beds with OnoeUa tenribüu, It appears to me Jnst possible that the harren 
fronds described by Heer, as Spkenqpterü ßhmttrandi may be of this species. (PI. zvi., 
Figs. 1 and 3.) 

EquUetaeem, 

l^üiBiTüM, sp. — NumerouB fragments of an Equisetum, not determinable ; but 
similar to £. Areiica^ oi Heer, from the Miocene of Spitzbergen ; Porcupine Creek. 

PHTaAOivu Parultoui, (Figs. 3 and 4,) Heer, Great Valley. — This curious plant 
firH described by Heer, from the molasse of Switzerland, consists of cylindrical striated 
stems, with nodes at considerable intervals, and producing whorls of inflated or sack 
like bodies (ampuliae,) which may have been of the nature of roots, or of submerged 
hol low leaves, or bladders. Heer seems at a loss to refer it to any definite place, 
bot inclines to regard it as submerged portions of an Equisetaoeous plant. The 
spocimens from Oreat Valley are not distinguishable, speciflcally, from those he 
figures. 

C<m\ferm, 

QLTFT08TB0BU8 EuBOPJCDB, Heer. — Branchlets and leaves, Porcupine Creek. This 
species is common to the Miocene of Switzerland, Alaska and Greenland, and is 
found in the Fort Union group of Dakota, Newberry. South Park, Lesq. 

SsQUOiA LANGBDORFFn, Brt. — Bnuichlets, leaves and cones, Porcupine Creek ; Birt 
Hills, R. Bell ; McKenzie Biver, Oreenland and Switzerland ; also Fort Union group 
and Black Hills, according to Lesquereux. 

Thuja ixtibrupta, Newberry. — ^Very abundant at Porcupine Creek, and wood of 
the structure of Thuja is abundant in the lignites with which it occurs. Bemains of 
its fruit seem more to resemble that of the westem TA. ffiganUa than that of the TK 
ocddefUalia^ which, nowever. the leaves and branchlets are so like as to be soarcely 
distinguishable. This species is characteristic of the Fort Union group. 

MonoeotyUdoneB, 

Leuna (bpirodela) scütata, N. S., (Figs. 5 and 6.)— Fronds round kidney-form, 
entire or slightly undulate at the edges, sometimes an inch in diameter, Single or 
grouped. IU)ots numerous, filiform, proceeding from a round Spot near the notch of 
the frond. 

This species is very abundant at the Bad Lands, south of Woody Mountain, where 
it is associated with great quantities of roots, and rootlets, or filiform sub-aquatic 
leaves. It was an aquaiic plant with fioating disc-like leaves, and I can refer it to 
nothing eise than Lemna. 

At the same place is found a smaller tri-lobed frond, with three equal ovate divi- 
sions, and a diameter of three or four lines. It may indicate a second species, but 
as only a Single perfect frond was found in the collection. I hesitate to describe it. 
(Fig. 7, a.). On the same slab are roots with pinnate or raaiating rooÜets, and which 
are veiy common in these beds. 

Phraoiotib 7 sp. — ^Associated with the above and also at Porcupine Creek, are nu- 
merous indistinguishable remains of reeds and other grass-like plants. 

Scmpus, sp. — Spikes small, numerous, less than a line long, each with four to five 
pairs of incurved lanceolatc scales. Bad lands. 

SoiBPüB, sp. — Another species, with about six pairs of scales and two lines long. 
Porcupine Creek. 
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DicotyUdonet. 

PopüLCS RicHARDSONi — Hecr, Port'itpine Orcek. — This fine species of Poplar, de»- 
cribed by Heer from Mackensie River and Greenland, is represented by a tew 
fragments only in thtse collections. 

Salix Raban a 7 Heer, Oreat Valley. — This specics occurs at Mackenzie River 
and in Greenland. A few leaves appear referabie to it but not with certainty. 

CoRTLüB ROBTBATA — Alt. — Ijeaves not disting^shable from those of the common 
beaked Hasel, occur at Porcupine Greek. This specieH is also recorded by Newberry 
from the Fort Union Group. , 

C. AioBRicANA. — Walt., Porcupine Creek. — ^This also is a recent species and is cre- 
ditcd by both Newberry and Lesquereuz to the Fort Union Group. Thus both our 
American Hasels occur in these deposits ; and a still finer species, C, MaeQwtnii, 
Heer, is found at Mackenzie River and in the Fort Union beds. 

Platanus hstebophyllcb, Newberry. — Wood End, loose, but no donbt, from the 
Lignite Tertiary formation. The npecies is found in the Fort Union group. 

DiosPYROS, sp. — To this genus I refer a few imperfect leaves from Porcupine 
Creek, but cannot certainly identify them witli any of the species described from 
other parts of these formations. 

Sapinddb aprnis, Newberry. — Bad Lands, Woody Moimtain. This species u 
found also in the Fort Union Beds. 

Rhamnus, sp. — Great Valley, 345 mile point. A Single leaf, wanting part of the 
tip and base, but other wise very perfect. It corresponds, as far as preserved, with Ä. 
Eridani of Unger, which occurs in Greenland, but it may be one of the species des- 
cribed by Lesquereux from the Lignite Tertiary of the United States. 

Rhajcnus concinnus. — , Newberry. — Porcupine Creek. This species also occurs in 
the Fort Union g^oup. 

Carya antiqcorüm. — Newberry, Porcupine Creek. — This species is also found in 
the Fort Union group. 

JuGLANS ciNBRSA ? Porcupiue Creek — ^A leaf so near this species that I hesitate 
to separate it. It resembles, however, J. Oüiniea Ung. 

ViBURKUM PCBBSCBNS — Pursh, /Porcupiuc Creek — Eithcr this species or a large leaf 
of V. laneeolata, Newberry, from Fort Union Group. 

Other leaves in this collection may reprcsent a species of Pntnut^ a Thalicirum 
different from our modern American species, and several other plants, but not deter- 
minable without more material. 

Absoulus antiqüüs, N.S. (Figs. 8 and 9.) — Pericarp 1} inches in lengthand 1 inch 
in breadth ; obovate, truncate at base, regularly rounded above, with several strong 
Woody spines on the upper half. Seed of similar form but smooth or with a few 
tortuouB impressions. Bad Lands west of Woody Moimtain. This fruit is almost 
certainly an Aesculus, but with characters intermedlate in some rcspects between the 
Horse Chesnut and the American Buck-eye. 

Trapa Borbalis ? — Heer, (Fig. 10.) — A few obscure prints secm to indicat« a 
species of this genus, which may be identical with the above species described by 
Heer from Alaska. They are associated with stcms and linear submerged leaves which 
may have belonged to this plant, and similar to those described by Heer from Alaska. 
Iil one of my specimens, the two lateral tubcrcles seen in Heer's figures seem to be 
produced into spines, making six in all. The Hpecimens are from Bad Lands, west of 
Woody Mountain, and there is an obscure example of the eame form from Great 
Valley. 

Carpolithbs, sp. — An ovate fruit of the form and size of C. lunatus, of Newberry, 
but not distinctly striated. Bad Lands, west of Woody Mt. 

The following are the species catalogued by Heer, from Richardson's collections 
on the Mackenzie. As they belong to this region, they are given here for compa- 
rison : — 
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1. GlyptostrobuB Europieus, Brgt. 

2. Sequoia Langüdorffiii Brgt. 

3. Pinus, 8p. 

4. Smilftx Franklini. 

6. Popalns RichardBoni. 

6. PopuluB Arctica. 

7. Populus Hookeri. 

8. Salix Raeana. 



9. Betuia, sp. 

10. CoryluB McQuarrii, Fabr. 

11. Quercus Olafseni. 

12. Platanus Aceroides, Gocpt. 

13. Hedera McClurii. 

14. PterospenniteH dentatus. 
16. Phyllites aroideus. 

16. Antholithes amissus. 



1 7. Carpoliihes seminulum. 



n.— €ONiraROUB WOODS. — (PLATl XV.) 

Large qnantities of silicified foBHÜ wood, derived apparently from the denudation 
of the Tertiary lignite formation, are »cattcred over the plains, but the trees are 
rarely found in situ in the IkkIb. SliceH of a number of the moHt promiKing Hpecimens 
have been made, and in addition Bimilar bHccb from the l^^katcbewan and the Mc- 
Kenzie River, in the coUuctionB of the Ocological Survey. The greatcr number are 
Coniferou»! and Mome of them, no doubt, the wood of the same specieH whose leaves 
and cones are found in the beds, though it is not possible with certainty to idcntify 
these, and it does not secm necessary to give 8})eciflc names to fragments which will 
poBBibly Bome day be referred to their proper Rpecies. They indicate a large number 
of ConiferouB trces belonging to different generic typeR, and may be arrangcd as fol- 
lows, in the conventional gcnera at preBcnt recognizcd by palieobotanists. 

Ckdroxylon. — ^A wood of thJB type i» very common, and may very posBibly have 
belonged to Tht^fa irUerrupta^ as it Ih very doHely allied to that of the northem 7*. 
oeeidentali*^ (Fig. 1-) There is also a neeond BpecicR of thiH genuB, with Bhorter 
medullary rayH, having much rcBin, and wood-celln with one row of poreK rarely Been. 

PiTOXYLON. — Wood of thiB typo, Bimilar to the modern PintUj Ib rare ; but one 
well characterized BpecieB occurR, (Fig. 2.) It may have belonged to a Scrub Pine, 
Bimilar to the northem P. Bankniana^ and Heer figurefl a leaf of thiB type from Mac- 
kenzie River. 

CupiucssoxYLON. — The greater part of the wood preBentB thiB type, and may belong 
to trecB of different genera. The following kindB are well characterized : — 

SpecieB (a.)— With two rowB of discs on the wide wood cells, and long resin- 
cells. It Ib cloBcly allied to the wood of Sequoia »empervirens^ and may belong to 
one of the Sequoia» found in tht; beds, (Fig. 3.) It haB medullary rayB with many 
rowB of cellB Buperimposcd and Bome compoBite reHiniferouH rays ? 

SpecieB (6.)— -With one row of discB on the wide wood cells, and wide reBin-celU. 
ResembleB the wood of Sequoia gigantea^ and proltably belongB to that genuB. 

SpecieB (r.) — With one row of diBCB on the cell» and numerouR medullary rayB 
whlch are very Bhort, having UBually only two rows of cellB Btiperimponed. Ap- 
proacheB in itB characterB to the wtHxl of Taxodium and Crifpiomeria ; but may probably 
have belonged to Glyptottrobut^ (Fig 4.) 

SpecieB (d.) — Narrow wood-cellB with one row of discB and many resin cell». 
Medullary rayB of Beveral rowB of cellB BuperimpoBed. 

SpecieB («.) — Wood ccIIb with one row of discB and very long and numcrouB 
raya, (Fig. 5.) 

SpecieB (/.) — Wood cells very wide, with Beveral rowB of Bcattered discB. ThiB 
wood is not well preBerved, but Ib apparently near to C, polyommatum of Gramer 
from BankB* Land. 

Taxoxtlon. — A wood not well preserved, but with Bpirally lined wood-cellB of the 
type of thoBe in the modern Taxus, and discB with a slit inBtead of a round pore. 

There are probably other BpecieB, with the wood leBB diBtinctiy characterised or 
preBerved ; and the ligniteB when treatcd with cauBtic potanh, show abundant coni- 
ferouB tisBUCB of the typcB of Thuja and Sequoia, which thuB seem to have largely 
contributed to their masB. 

m. — ANOIOBPSRVOUB W00D8. 

Of these the specimenB Bliced which were Rufficiently preBerved for determin- 
ation, are referable to the genUB Populus, which genuB in alBO largely rcpresented 
amoiifg the fosul leaves. 



(B.) — Eeport on the Vertebrate Fossils from the Fort Union Oroup of 

Müh Biver, 

By E. D. Copi. 

The foflsilB gnbmltted to my examination by Hr. Dawson, are generally in a 
fragmentary condition, and belong to a number of disUnct individuals. In bat few 
instances are ihe fragments go characteriBUc as to admit of specific diagnosisi but 
they leave no doubt as to the ordinal relations of the animals to which they be- 
longed. These are exclnsively Dinotauriaj tortoises, and gar-fishee, no Mammtüia or 
marine vertebrata being indicated. 

The coUection is of especial interest, as fumishing one more ftation whence a 
glimpse of the life of the " tiansition period " of the history of the westem part of 
America may be obtained. And the resulting Information is simiUr to ihat already 
derived from studles of the palasontology of the same horison by Prof. Leidy and 
myself in Dakota, Wyoming, Colorado, etc. The species are evidently the latest 
ezamples of the terrestrial life which characteriaed the Mesoioic ages, and which 
preceded the advent of the mammals in the northem hemisphere. The formations 
in which the fossils occnr consist of greeniah-brown arenaceous clays of varions 
degrees of hardness, frequently including sznall gravel-stones, and Bometimes 
forming a hard cement between them. The fossÜM were found near the base of 
tha formation, and <'not more than one or two hnndred feet above yellow 
arenaceous beds, which I conceive represent Cretaceous No. 6, and which are 
rapidly foUowed in descending by well-marked No. 4 with characteristic fossils." 
(JBztracted from letter of Mr. Bawson.) 

The species are the following: CUuUt^ sp.; Compaemys offmnu; C. f HUu»; 
PUutomenus eoHatut ;* P. eoaleteent ; Trionyx f vagana; Trumyx f sp.; f HadromuruM 
f sp.; CionocUm ttenoptis, 

The dinosaurian remains are qnite abnndant, and indicate several species, bnt 
are mostly so fragmentary as to be unfit for determination. The diagnostic gen- 
era of this list are Comptemy»^ PUutomenuSy and Cionodon ; the species referred to 
HadroMaurut l)eing represented by candal vertebrae only. The first-named genus is 
characteristic of the Fort Union epoch only ; the fragment referred to O. v%etu$^ 
the only species of the list previously known, is too small for final specific 
reference. The PloMiomenui eoalesans is represented by a more perfect specimen 
than any other species referred to this genas from the Fort Union Beds, bat is 
not safficiently complete to render the reference to this Eocene genas final. It 
is, in any case, not a member of any other known genas. One species of Trionyx 
is represented by a hyostemal bone, and is not definable; while the fragment 



*Two species are provlsioiuaiy referred to the Tertluy genua i^MCpmMtif, Imt sr» too tngmmUtiry 
(or flnal determini^tioB. 
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refemd to T. vag€UUf thougb closely resemblinR that species, is not larg« enongh 
for final deterimination. The Cionodon, though based on incomplete remaint, is 
quite sufficient for pal»ontolofiri<^ pmpoaes. 

In concluflion, \i may bo stated that there are preaent two genera in this 
rollection which are diagnostic of the Fort Union epoch, bnt no speciet certainly 
so, thougb two spcoies are probably identical witb specieR of that epoch ; alao, 
that the prescnce of DinoMuria refers the &ana to the Mesozoic series; and thai 
there is no satisfihctory evidence of the co-existence of these reptiles with Tertiary 
forma; tliat the species referred to Plattomenua constitntc an tndication ofaffinity 
with corresponding Eocene forms. The-pregcnce of garflshes of the genua Clcäea in 
this formation is as yet peculiar to this and the Judith River localities. As these 
gars have not hcretoforo been found in North America below the Eocene, they 
constitute the first case of apparent commingling of Tertiary and Cretaceous 
animal üfe yet clearly determined. Tct the evidence is far from being as weij^ty 
in indication of Tertiary relations as is the presence of the saurians in question as 
evidence of Mesosoic character ; for the gar«, though now living, are an ancient type, 
tbeir allies having Hwarmed in the Jurassic seas, and it is therefore altogether rea- 
sonable that they should be found in fresh water deposits of Cretaceons and Tertiary 
age. The rarity of the localities of the former deposit acconnts for the late date of 
their discovery tliere. 

CIONODON, Cope. 
Bull. TT S. Geol. Survey Terrs., No. 2, p. 21. 

Char, gen, — Established primarily on a portion of the right maxillaiy bone, with 
nmnerous teeth in place, of the C, aretaiu»^ Cope, a speciesdiscovered in the Fort Union 
beds of Colorado. The followlng generic characters are derived from the typical 
specimen of this species. The posterior portion exhibits a suture, probably for onion 
with the palatine bone, white the rest of the interior margin is free. It is removed 
some distance from the tooth line in conscquence of the horisontal expanse of the 
bone, while the outer fiice is vertical. 

The teeth are rod-like ; the uppcr portion subcylindric in section, with the inner 
face flattened from apex to base, whilc the lower half is flattcned by an abrupt exca- 
vation to the middle, for the accommodation of the crown of the succcssional tooth. 
The inner face of the tooth, from apex to base, is fihielded by a plate of enamel, 
which is somewhat elevated at the margins, and supports a kecl in the middle, thus 
giving rise to two shallow longitudinal troughs. The remainder of the tooth is 
covered with a layer of some dense substance, possibly cementum, which overlaps 
the vanishing margins of the enamel. The outer inferior excavation of the ahalt 
presents a median longitudinal groove, to accommodate the keel of the closely-ap- 
pressed crown of the successional tooth. The apex of the tooth being 
obtusely wedge-shaped, the functional tooth is pushed forward and trana- 
vcrsely, toward the inner side of the jaw. The tooth slides downward in a 
closely-fitUng vertical groove of the outer alveolar wall. Tlic inner wall is 
oblique, its section forming with that of the outer a V ; it is furrowed 
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with grooTes similar and opposite to those of the oiitcr wall, but enürely 
disconnected from thexn. The base of the shank of the fnnctlonal tooth, on 
being displaced hj the successional, slideB downward and inward along the 
groove of the inner aide ; each lateral movement being accompanied by a correspond- 
ing Protrusion. At the most, three teeth form a transrerse line ; namely, one new 
apex extemal, one half-wom crown median, and the stump or basis of a shank on 
the inner. The new crowns are, however, protnided succegsively in series of three, 
in the longitudiral direction alHO. Thu8, when an apex is freshly protrnded, the 
shank in front of it is a little more prominent, and the third Stands beyond the 
alveolar border. As each shank incrcases somewhat in diameter downward in the 
C. aretaiu»^ the section increases in sise with Protrusion ; hence, l)efore the appear- 
ance of a new crown outside of it, therc are but two functional teeth in a cross-row. 
Thus, in the outer longitudinal row, only cvery third tooth is wom by functional 
use at one time ; in the middle series, all are in use ; while in the inner, every third 
one is simultaneously thrown out in the form of a minute stump of the shank, if not 
entirely ground up. 

The dorsal vertebrae are episthocoelian, the anterior more compressed than the 
posterior : capitular articular faces, if existing, are slightly marked. The 
zygspophyses are but little prominent beyond the arch. A caudal vertebra is piano- 
concave, with rather depressed centnim, a little longer than broad. The condyles of 
the femur have a short are and chord ; the head of the tibia displays a large cnemial 
crest, but is not emarginate bchind. 

The type of dentition exhibited by this genus is, perhaps, the most complex 
known among reptilcs, and is well adapted for the comminution of vegetable food. 
While the mechanical effect is quite similar to that obtained by the structure of the 
molars of ruminating mammals, the mode of construction is entirely altered by the 
materials at band. Thus, the peculiarly simple form and rapid replacement of the 
reptilian dentition is, by a System of complication by repetition of parts, made to 
Bubserve an end identical with that secured by deep plication of the crown of the 
more specialized molar of the mammal. 

Cionodon is evidently allied to HadroMurus, but displays greater dental complica- 
tion. In that genus, according to Leidy, the successional crowns appear on the front 
side of the shank of the tooth, not behind, and below the base of the enamel-area, so 
that the tooth is distinguished into crown and shaft. It also follows^ from this ar- 
rangement, that the successional tooth does not appear until its predecessor has been 
wom to the root, in which case there can be only one functional tooth in a transverse 
section, instead of two or three. 

Cionodon btsnopbis, Cope. 

This Dinosaur is represented by fragments of maxillary bones, with a few con- 
tained pieces of teeth. Probably, several of the numerous bones of reptiles of this 
Order, obtained by Mr. Dawson. pertain to the same genus and species; but there are 
as yet no means by which to distinguish them f. Dm other species of ffadrosnuridx in 
the collection. 

The maxillaries exhibii the vertical grooves characteristic of the genus, and the 
teeth are of the rod-like form of those of the C. aretatusy Cope, and the roots are 
similarly compressed. An important difference in the teeth is seen in their lack of 
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the carina on the enamel-fece of the base of the crown at least ; the apices belog in 
eaoh case broken away. Acoordingly, the root exhibits no correBpondiiig gitioTe on 
ÜB inner dde, as is the case in C. areUttu». The form of the mazillAry bone is also 
characteristic. In C. aretahu^ this piece bears a longitudinal protuberance on ito 
inner aide, so as to have given the face great proportfonate width. In C. metuftU^ 
this protuberance is much less pronounced ; the inner face, instead of being neariy 
horisontal above, is curved abruptly down ward, and a shallow horiaontal face of no 
great wldth replaces the wide oblique comice which eztends from the alveolar border 
üi C, arttatui. The remalns indicate a species of the siae of C. arciatuB, 
From alz miles west of First Brauch of Milk River, near latitnde 49^. 

MetuunmenU. 

K. 

I>epth of the nrnzillaiy bone on % dental groove 0.0860 

Dfameter of the nutxUiaxy bone externa]' to alveoU O.OSeO 

DUmeterof % tooth 0.0046 

C0MP8EMYS, Leidy. 

This genus presents the characters of Ettty» in its well-developed marginal bones, 
united to the costals by suture. The sur&ces of the carapace possess a dense layer, 
which is sculptured in two of the known species. One of these, the C, vietuM^ L^idy, 
has been fouüd to have had a wide ränge in the West during the Fort Union «poch ; 
while a second has been found in corresponding strata near the northem boundaiy of 
Dakota. 

CoxpssMYB ooMiuB, Cope. 

Represented in the collections of the British American Boundary Commission by 
portions of the carapace and plastron. These are massive, and indicate a species of 
large sise. As in other species of the genus, the extemal surface is a dense layer of 
cement or allied substance, which is sculptured with shallow pits. 

A portion of the costal bone is concave, and increases rapidly in thickness In 
one direction. The suture is xoarse, but neither gomphosial nor squamosal. A 
portion of the plastron is thinner, not curved, and displays a very coarse median 
suture, in part sqimmosal in character. The sculpture consists of shallow pits, not 
wider than the low, smooth ridges which separate them. There are deep superficial 
grooves, marklng the boundaries of dermal areas ; a fcature in which this tortoise 
differs much from the Pla$tomenu» coaleaceruj and resembles the species of CoMpeenyf. 
Should marginal bones be found to exist in the C. ogmiut, its referenoe to that genus 
will be further established. 

From giz miles west of First Brauch of Milk Biver, near latitude 49^. 

PLAST0MENÜ8, Ctope. 

This genus has been discovered to cmbrace tortolses having characters of both 
Trionyz and Emyf. The carapace is like that of the former, in the absence of artlcn- 
lated marginal bones, and the presence of a superficial cement layer, which is sculp- 
tured in various pattems. The plastron resembles that of some emjrdoid geneia^ 
but presents certain fontanelles indicating an incomplete grade of ossification. The 
species known to possess the typical structure are found in the Eocenes of Wyoming 
and New Mexico ; and those herc refcrrcd to it are all from the Fort Union or 
Transition beds of the Crctaceous. In none of them is the stemum so well-preserved 
as to exhibit the characters which should finally refer them to the genus PUuiamenui. 
This is due to the fact that they, as well as other vertebrate remains from this 
horison, are always much brokeu or dislocated, 
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PLASTOlOtNUB COALXSCKNB, Cope. 

This species is represented by large fragments of carapace and plastron of a 
Single indlTidual. These indicate a large animal of adult age. Tlie fragments are 
thick, and the sutures separating the component elements have disappeared. Der- 
mal sutural grooves are also wanting. The portions of the plastron preserved are 
emydoid in character, being most thickened in the lateral portions, especially in the 
inguinal region. The borders of the carapace are free and obtuse ; at some points, 
somewhat thinned out. The ribs proper, in the portions preserved, termlnate in a 
Short, free extremity, shorter than in most species of Trionyx. There is no indication 
of ihe exlstence of marginal bones. 

The surface of plastron and carapace is covered with a dense layer, which is 
thrown into rather coarse, inosculating folds. These form an open, retlculate pat- 
tem towards the middle portion of the carapace, and become obscure uear the 
borders. They are well marked on the plastron, and are more or less longitudinaL 
The appearance is thatof a Trumyx. 

The costal azis scarcely projects on the inner face of the carapace. The anterior 
border of the carapace is a free, thickened margin, divided by a horizontal groove. 
The presence of nuchal bone cannot be ascertained. 

Meaaur&nenta. 

M. 

TbicknesB of the carapace at the middle of the longth of a coetal bone 0.014 

Thicknees of the carapace at the anterior mar^n 0.008 

Thlcknessof the carapace at the lateral marglD 0.008 

Thicknees of the plastron near the bridve 0.015 

liiicknoesof the plastron more oentralTy 0.009 

Four areole In 0«, 10. 

This species is found in a grcenish-brown arenaceous clay deposit in the Bad 
Lands south of Woody Mountain, latitude 49^ 

Plastomkncb C08TATÜB, Cope. 

Bepresented, in the collections made by Mr. Dawson, by small portions of 
plastron and carapace, which display distinct osseous, but no dermal scutal sutures. 
These specimens were discovered together, and are.beli^ved to belpng to the same 
individual. The bones are thinner than corresponding ones of the two other species 
of tortoises described, from the same locality, excepting at the costal enlargemcnt, 
which is remarkably prominent and well-defined on the under side of the carapace. 
The dense or cement layer of the carapace is thrown into vcry delicate, but premi- 
nent ridges, which run parallel to the axis of the carapace, and occasionally 
inosculate, or are crossed by a similar ridge running at right angles to them. The 
Bculpture of the plastron is similar, but more obtuse and obscure. The superior edge 
of the free border of oae of the lobes of the plastron projects beyond the inferior, and 
is not, as is usual, less prominent than the inferior. 

MetuuremenU. 

M. 

lliickneasof a costal atthemarg:in 0.006 

Thicknees of a costal at the rib 0.009 

Thicknees of Uie free edge of the plastron 0.009 

The costal bone of this species is much like that of a Trionyx^ but the character 
of the plastron refers it to Pkutomenus. 
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(C) Lake af theWboda. — T(ü>le shmcing the natwe anä <ärectißns of tke 
dykea and veins obaerved, and tM rocks mhich they traverse. (The 
larger granitic outbnrste already fully refen-od to are here omitted.) 
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(D.)— Notice of the Butter/Ues and Orthoptera, coUected hy Mr. George M, 
Dawson, as Naturalist of the B. N. A. Boundary Commission. 

Bt SaHITBL H. SctTDDlB. 

The insecte recorded in Uüs list were taken along the boundary line between 
British America and the United States, from the Lake of the Woods, in W. long. 95°, 
to the Bocky Mountains in W. long. 115°. The principal localiUes referred to are : — 
Dufferin, on the Bed Biver of the North, altitude 780' ; Souris Biver, (a tributary of 
the Assineboine), 4)etween long. 99° and 102°, altitude about 1600'; and Woody 
Hoontain, about long. 107°, on the watershed between the Missouri Biver and the 
streams flowing north, the elevation of Vhose plains is about 2,500'. A few spacimens 
were also taken at Boseau Biyer, lying between Bed Biyer and the liake of the WoodS} 
and flowing into the former ; Wood £nd, on the Souris Biver, long. 103°, altitude 
1700' ; the east fork of Milk Biver, which Grosses the line in long. 109° 30', at an alti- 
tude of 2700' ; and West Butte, the westem part of the Three Buttes, in long. 111° 
30', altitude 4,000'. The highest elevation from which specimens were brought, was 
the summit of the Bocky Mts., in long. 115°, the altitude from 7,000' to 8,000'. 

If we compare this list of butterflies with that of the Yellowstone Expedition 
of 1873/ we shall find some interesting and striking facts, although no great number 
of specles were taken by either party. The two coUecting grounds, while not 
more than one or two hundred miles apart, lay mostly in different drainage areas ; 
and if we omit from the present list the species found only at Woody Mt. and west- 
ward, as being upon the summit of the water-shed between the two river basins, and 
therefore likely to impair the value of the rcsult, we find that out of the forty-three 
species ibund in the two coUecting grounds, only seven were taken in both. Of the 
twenty-two Nymphales, only three occurred in both regions, vis. : Vanessa cardui, 
Argynnis Nevadensis and Phyciodes Tharos, the first and the last species of un- 
UBually Wide distribution. Of the five Burales, none of the species w6re taken in both 
localities. Of the seven Papilionid», two were taken in both, Eurymus Philodice and 
£. Eurytl^eme ,■ also species of a very eztended ränge. Of the nine Urbicols, two 
were brought home by both parties : 'Thorybes Pylades and Thanaos Persius, the for- 
mer certainly, and the latter probably, of exceptionally wide geographica! distribution. 
Of the seven species occurring in both regions, only one may be said to have a ränge 
at all restricted, and they are mostly such species as one might find in almost any 
part of America, east of the Bocky Mts. 

The same will be noticed, though less conspicuously, on comparing the species of 
Single genera ; thus Ccenonympha Ampelos of the Assineboine Basin is replaced by 
C. Galactina in the Yellowstone ; and Basilarchia Arthemis of the former, by B. 
Weidemeyeri of the latter. B. Dlsippe was taken only on the Yellowstone, but cer- 

• ^ ffOQ, Bqtt, Soo. NaU Bis ., ifyu,, 9M1, 
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tainly occurs in the Assineboine region. Argynnia Edwardsii of the Tellowgtone is 
replaced by A. Bremnerii in the Asaineboine, and probably also by A. Aphrodite, 
althottgh thia was taken at Woody Mountain. The two species of Eurjrmus, howeyer, 
were taiien in both regions, and a species of Argynnis (A. Kevadensis) was also foimd 
common ta both. 

The waterahed between the Assineboine and Saskatchewan basins on the one 
aide, and the basin of the Miasonri, of which the Tellowstone is a tributary, on the 
other — a waterahed wh|ch follows a course nearly coinciding with the annual 
isotherm of 46° Fahr, (corrected for altitnde) — ^would seem, therefore, to be, in all pro-' 
ability, the dividing line between a more northem and a more southem £sana ; or 
perhaps, more correctly speaking, between a north-eastem and a aonth-western fanna. 
The northem branch of the Misaonri, to be anre, interrenea between the regiona tra- 
veraed by Measra. Dawaon and Allen, but ita fanna mnat nnqneationably have a fiu:ies 
eaaentially aimilar to that of the Tellpwatone. We ahall, however, look with intereat 
for Mr. Edwarda' forthcoming report upon the bntterfliea coUected by Dr. Conea 
through thia region, to aee whether the facta will add to, or detract from, the weight 
of the conalderationa we have preaented, from the acanty material at onr diaposal 

Cakbbidob, U. S., MoTchy 1875. 

BCTTIRfUBS. 

1. (EneU Uhleri. — A aingle male, remarkably amall, measnring but 45*6 mm. 
in expanse, was taken in the vicinity of Woody Mountain, between the middle of 
June and July 7. 

2. Enodia Portlandia. — Two malea were taken in the neighbonrhood of the Lake 
of the Wooda between the middle of July and the middle of August. 

3. Ctenonympha Ampelo*. — A badly broken specimen, probably referable to thia 
species, was taken at Dufferin. 

4. Danaida Plexqtgnu. — ^A male was taken in the Bed I^irer yalley, Jone 20. 

5. BaiOarchia Arihemi», — A female was taken at Dufferin between June 21 and 
26, and another near the Lake of the Woods between the middle of July and the 
middle of August. The latter specimen is interesting from its large sixe, (expanding 
84 mm.) and in the extent and dullneas of the red spots of the undcr surface, in 
which it begins to show no inconsiderable resemblance to B. Weidemeyeri. 

6. PolygoMa Progne. — A male was taken in the vicinity of the Lake of the 
Woods between the middle of July and the middle of August ; a female was taken at 
Dufiferin. 

7. Pajnlio ÄrUiopa.—One specimen was taken at Dufferin between June 21 and 
26 ; another at the Lake of the Woods between the middle of July and the middle of 
August. 

8. AglaU MüUrti.'—K aingle male was taken near the Lake of the Wooda between 
the middle of July and the middle of Auguat. 

9. Vaneua oardui, — Common at Dufferin, June 14. 

10. ArgynnU ApkrodiU.-JOnQ malewaa taken in the vicinity of Woody Mountain 
between June 16 and July 7, and another near the Lake of the Woods between July 
16 and August 15. 

11. Ärg^nu Nevadetmt.-^K Single fresh male was taken at the close of June at 
Wood End ; fresh specimena of both aexea between Woody Mountain and the base of 
the Bocky Mountaina, from July 16 to August 7. 

12. ArgynnU Bremnerü. — A male was taken at Dufferin. 

13. ßrentMs BeiUma,~'A male was taken at Dufferin in June. 
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14. Euphydryat Phaeton, — One female was taken at the Lake of the Woods 
between Julj 15 and August 15. 

15. Phifciodes Tkarot, — Two males were taken near the Lake of the Woods 
between July 15 and August 15. 

16. Event ComynUu. — One male was taken at Dufferin and another east of Woody 
Mountain, between the middle of May and the middle of June. These specimens 
dififer from eastem types in having the whole upper sui&ce of the wings'of a hoary 
aspect, such as generally appears only at the costal edge of the fore wings in eastem 
individuals; and in the remarkable faintness of the dark spots on the under surface 
of the wings, which bear no small resemblancef to those of lightly marked specimens 
of Cjraniris neglecta. 

17. Ewrymu9 Phüodiee. — A male and a female of the pale form were taken near 
the Lake of the Woods between the middle of July and the middle of August. 

18. Eurymu9 Eurytheme. — A Single male was brought home from the Lake of the 
Woods, taken at the same time with the preceding. 

19. Parfuunua Sminthetu, — Two fresh specimens were taken on the simimit of the 
Bocky Mts. (near the north-westem comer of Montana) at an elevation of from 
6-7,000' on August 9. They were both of the type figured by Edwards, in bis plate 
Pamassius II. • 

20. Thorybes Pyladet. — ^A male was taken at Dufferin. 

21. Thanao8 Pertiw. — A female, very badly rubbed, but apparently belonging to 
this species, was taken near the Lake of the Woods between the middle of July and 
the middle of August. 

22. AfUhümatter Üheat. — Two males were taken between Woody Mt. and the base 
of the Rocky Mts., between the middle of July and the end of the first week in 
August. 

OBTHOPTKRl.. 

1. Seudderia curvieauda, — ^A male was taken at Roseau River on August 30, and a 
female in the vicinity of Souris River. 

2. JTiphidium 8aUafu,—0ne male and five females, Souris River. Heretofore 
, known only from Nebraska and the neighbouring region. 

3. Anabrus purpurateent. — Four males and four females were taken at West Butte 
July 29 ; in the vicinity of Woody Mt., between June 15 and July 7 ; and in the neigh- 
bourhood of the Souris River. The specimens from the two former places lack the 
mottled markings of the abdomen so peculiar to this species ; there are, however, no 
other disting^shing features. Mr. Thomas, while retaining the generic name Ana* 
bruB, refers this species to Thamnotrison ; but wrongly, for it is congeneric with 
A. Simplex Hald. the type of the genus. 

4. Caloptenui tpretut, — Specimens of this destructive insect were brought home 
from Dufferin, the Souris River, the vicinity of the Lake of the Woods, and the East 
Fork of Milk River. In the latter place they were << forming swarms" on July ISth. 
Mr. Dawson also writes me, that bis party " met with great swarms of these insecta 
on the high plains north of the Missouri and Milk Rivers, in July, 1874." 

5. Caloptenut büituratiu. — ^Two females were taken at Souris River. 

6. CalopUnua biviUatut, — A Single female was taken near the Lake of the Woods, 
July 30. This is the true bivittatus of Say, with which the Acrid. leucostoma of Kirby 
is probably synonjrmous ; and distinct from the femoratus of Burmeister (tiie Acrid. 
flavovittatum of Harris), wiüi which all recent authors, myself included, have hitherto 
confounded it ; this species has the bind tibi» sdaucous and yellow ; in C. femoratus, 
they are red ; and the species can be instantly mstinguished by these peculiarities. 

7. Pezotettiz borealia. — A Single pair of this species was taken in the vicinity of 
the Souris River. 

8. PezoUitix Dawtoni nov. sp. — Brownish fuscous ; face, sides of head and prono- 
tum yellowish, with the exception of a broad, reddish-brown stripe eztending from 
the eyes to the posterior sulcation of the pronotum ; antennce yellowish at the base^ 
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beyond infuscated ; tegmina half as long as the abdomen, broad laaceolaie, acomi- 
natc, dark browniflh fuscouR, with a few scattered indisünct blaokish spote, sometinefl 
collected into a meHial serics ; bind femora very obiiquely and broadiy bifasciate with 
blackinh brown, the tip black, the snperior carina yellowish ; bind tarsi dull, almost 
dusky, yellow. Cerci of male rathcr small, compresÄcd, Himple, but little tapcring, 
rounded at tlie tip, tnirved gently iipward, obiiquely sulcate at the extremity. Length 
of body, $ 14 $ 16 mm. ; of tegmina $ 6 $ 6 mm. ; of bind femora $ 8.75 $ 9.25 mm. 
One male aud two femaleH were taken at Uic Souris River. 

9. Ootnphocerut elepaydra nov. 8p. — BrowniHh yellow ; antennie infiwcated at tbe 
BÜghtly exi)anded tip ; head more or lesB spotted and bandcd with dark brown and 
blackiKh, but with a lightcr yellow, immaculate, vertical stripe between the laleral 
carime of the face, and the decp sulcation foUowing the lower angle of the eyes.; this 
sulcation is black, shading off into brown posteriorly ; a broad dark band, blaückish 
above and edged at thi« point with yellow, extends from behind the eye upon the 
pronotum ; it is of equal width as f ar as the greatest constriction of the lateral carin« 
of the pronotum, but beyond this narrows rapidly, and scarcely reaches the posterior 
edge of the same ; a small triangulär patch of the same colour appears, howeyer, at 
the posterior lateral angles of the pronotal disc ; and the lateral lobes of the pronotum 
are heavily markcd with the same, especially in front, the lower portion always imma> 
culate ; tegmina half the length of the abdomen, brownish, wiüi a few loz^tudinal 
fuHcous flecks in the lower half; bind femora blackish along the middle, deepest next 
the carinae ; bind tibis yellowish, flecked minutely with brown, the spines tip^ied 
with black ; base of the abdominal joints heavily marked with black at the ödes. 
Lateral foveols of the huad distinct, three or four times as long as broad» eqnal, mo- 
derately deep, the walls abrupt; median and lateral carinse of pronoiimi eqoally 
Sharp and distinct, the latter strongly approximate in the middle of the anterior two» 
thirdfl of the pronotum ; and since thcy are edgcd interiorly with yellow, formlng, with 
th yellow line bordering the black band of the head, a clepsydral outline. £ength 
u/ body 9 19 mm. ; of antennte $ 5 mm. ; of tegmina $ 5 mm. ; of bind femora $ 11 
mm. Two females were taken on the Souris River. 

10. Arphia frigida nov. sp. — Dark reddish brown ; antenase reddish-brown at 
b^e, infuscated beyond ; tegmina flecked obscurely and rather unlformly throngh« 
out, but least at base, with small dusky spots ; wings pale yellow at base, with a 
moderately broad, blackish fiiliginous bent band beyond the middle of the wing, 
faintly interrupted with pale fieckings on either side of the nemires (thougfa the 
nervures themselves in this part of the wing are blackish), occupying the entire 
s|)ace between the two principal veins of the upper area of the wing, from the base 
three quarters the distance to the outer border, but paling next Üie base, at the 
extremity bent downward and outward as far as the outer border, thence foUowlng Ü 
ne-arly to the anal angle ; beyond the band, the apex of the wing is fiiUginoiiBi 
slightly the darkest at the extreme tip ; the costal margin is yellowish, tiaged with 
dull orange above the transverse portion of the fuliginous band ; bind femora indi^ 
tinctly transversely fasciate with dark brown ; bind tibiae livid, broadiy clouded with 
fuliginous just before the middle and at the apex, dusky at the base, the spines black, 
excepting at base. A pair of minute frontal foveolee separate the lateral foveolas of 
the head from each other, and also the Vertex from the frontal costa ; they are dis- 
tinct, minute, longitudinally quadratc, confluent above, their bounding ridges, as 
well as those of the lateral foveolaB, punctulate. Pronotum rugose above, especially 
on the anterior half; median carina low, uniform, almost straight, onoe interrupted ; 
posterior border of pronotum bent at a rounded right angle. Length of body : 5 
18 ; $ 27 mm. ; of tegmina : ^ 22 ; $ 25 mm. ; of bind femora : 11 5 i'^'i^ ^ singlf 
female was taken near Wood End in June. I have also a male from the Tokon 
River, Alaska, collected by the late Mr. Robert Eennicott. 

11. Arphia tenebrosa, — A Single n^e was brought from Souris River. 

12. Jlippiscus phopnicoptenu, — ^A male and two females were taken at Dnfferin, 
Jnne 13 and 14. 

13. (Edipoda trifasciata. — One female was taken at Wood End in June. This is 
the most northem locality from which it has been obtained. 

14. Trimerotropit verrucukUa, — A female was taken at Dufferin. 
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15. Tettigidea aeadiea nov. sp. — Head blackiflh fuscous, rather thickly etudded 
with minute, pallid, raised points ; the mouth parte paler, but the tip of the labrttm 
black ; pronotum pale cinereous, thickly atudded with minute, whitiiäi, raised points 
and a few little black dots on the upper surface next the middle of the tegmina ; the 
sides, above the tegmina, dark brown like these organs ; legs pale cinereous, heavily 
flecked with black, the hind femora less so than the other parte ; bind tibias 
blackish at the base, in the middle, and morc broadly at the apex. Median carina of 
eummit of head sharp, equal, extending over its anterior half ; pronotum extending 
backward to the tip of the abdomcn, forming a low crest, highcst anteriorly, falling 
rapidly in front, and raised above the level of the head by about as much as tho 
width of the Vertex between the eyes ; wings reaching to the tip of the abdomen. 
Length of pronotum, 9*6 mm. ; breadth of samc, 3*1 mm. A Single female was taken 
near the Lake of the Woods. 

The Gryllides were not determined. 



(E.) — Land and Freshrwater Mollusca^ coüected during the summers of 
1873-14, in the vicinity of the Forty-ninth Parallel — Lake of the Woods 
to the Rocky Mountains. 

In referring the specimexiB to their types, it has been found necessary to take a 
broad inew of the species, to avoid the too great miiltiplication of so-called specific 
names. Over the grcat area of the plains, every pool and river has its more or less 
distinct snite of forma. Lirnnma elodes Ib perhaps the most variable of all| and under 
this name Shells have been included, from which specimens might have been selected 
very different in appearance, but which are all more or less closely connected by 
intermediate varieties. Bulimu hypnorum is probably one of the most constant in 
form, in all its localities. 

The Gasteropoda of the streams and lakes of the wooded region to the east, differ 
considerably in general faeiet from those of the Red River Valley and plains west of 
it, where a general increase In the thickness and robnstness of tfle Shells is found, 
and gives rise to a distinct scries of varietal modifications. In the pools and swamps 
of the prairies, food and calcareous matter no doubt eqnally abonnd. Segmentina 
armiffera there assumes its varietal form eampettris ; Planorbü trivolvü often appears In 
its variety macrostomiu ; Limruea ttagnalit^ and L, elodet increase in size and weight of 
Shell, and other species are similarly affected. By carefally noUng the Station of 
each form, and especially the nature of its food, and the probable presence or absence 
of safficient calcareous matter in the water ; many puzzling Shells are found to be 
varieties depending on these circumstances. The names employed are chiefly those 
of the monographs in the Smithsonian Miscellaneous Collections. 

G. M. D. 

OABTKSOPODA. 

RiBsom« : 

Amnieola paUida, Hald. Lake of the Woods. 

Amnieota porata^ Say. Lake of the Woods. 

Somatogeirus depresms f Tryon. 600 Mile Lake. East Fork Milk River. 

Paludinadji : 

Paiudina deeita, Say. Lake of the Woods. 

Valvata triearinata, Say. Lake of the Woods. East Fork Milk River (wom 
specimens, may have travclled from pools near the Cypvss Hills.) 

Valvata rincera, Say. East Fork Milk River (wom specimens.) 

HsLicmAs : 

Helix ariatiUay Anthony. Lake of the Woods. Dufferin. Pembina Mountain. 

Turtle Mountain. Wood Mountain. 
Uelix pulchella, MüUer. Lake of the Woods, Pembina Mountain, Wood Mountain. 

Helix limüarU, 8p. nov.— Shell conspicuously umbilicated, globosely depressed, 
solid, coarse ; whorls carinate at the periphery, and sub-carinate near the 
umbilicus, giving the mouth a distinctly rhomboidal form in young 
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specimens ; peripheral carination almost obsolete on the last half whorl ; 
aperture roundedly lunate, very oblique, slightly reflexed at the umbilicixs, 
so as to interfere Bomewhat with its circular outline ; peristome acute, 
thickcned within ; calluR delicate, transparent ; whorU 5} ; suture slightly 
impressed, becoming morc distinct in the last half whorl ; surface markiKl 
with coarse trail8yer8e wrinkles, and faint revolving lines, the latter scarcely 
perceptible on the outer whorl ; colour, dull yellowish, with four browniah 
revolving bands, two of wbich appear pretty constant, and are nituated on 
cach aide of the peripheral carina, which is generally whitiBh ; the two re- 
maining bands ncar the suture and umbilicus respectively, fainter and less 
constant. Animal resemblcs JJ. tolitaria in general form, pale, with brown- 
ish spots. 

Greatest diameter 17 mm. ; least diameter 14 mm. ; height 11 mm. Tomig 
specimens only 4 mm. in diameter are very strongly carinated, and flattened 
above ; semi-transparent, browniah-tawny in colour ; delicately marked with 
close revolving and transverse lines. 

This Shell is closcly allied to Helix solitaria^ but is smaller, darker coloured 
and rougher, more distinctly carinated, especially in young specimens ; the 
she.U is also somewhat thicker, the umbilicus is narrower, and the lip en- 
croaches slightly on its circular outline. 

Loe^ Waterton Lake. Rocky Mountains. 

Vürina Hmpida^ Oould. Lake of the Woods. Turtle Mountain. Wood Mountain 

ffyolina arborea, Kewcomb. Lake of the Woods. Du£ferin. Turtle Mountain. 
Wood Mountain. 

Hyalina fulvoj Drapamand. Lake of the Woods. Pembina Mountain. Turtle 
Mountain. Wood Mountain. 

Hyalina viridula^ Menke. Lake of the Woods. Dufferin. Pembina Mountain. 
Turtle Mountain. Wood Mountain. 

Succinea ohliqua^ Say. Lake of the Woods. Dufferin. Pembina Mountain. Turtle 
Mountain. Many specimens showing a dccided approximation to S. Tot- 
teniana, but with intermediate forms. 

Suceinea avara, Say. Lake of the Woods. Corresponds exactly with Say's deacrip- 
tion and figure, but many of my specimens exceed 6 mm., tho laxgesi 
measuring 9*5 by 5 mill. 

Suceinea ovalis^ Gould. Lake of the Woods. 

Suceinea Haydeni, var minor ^ Binney. Pembina Mountain. 

Suceinea lineata^ Binney. 30 miles £. of Wood Mountain. 20 miles 8. (^ Wood 
Mountain. The specimens agree pretty closely with this species, and appear 
to belong to it, though they do not show any distinct revolving lines. The 
callus is very dclicate. The agreement with Binney's figure is more aatis- 
factory than with the dcscription, my specimens having the aperture longer 
than half the length of the shell ; shell solid, amber coloured, to greenish- 
yellow. 

Cümella wulh-eylindriea^ Lin. Lake of the Woods. Dufferin. Pembina MountMO. 
Turtle Mountain. Wood Mountain. 

Pupa, — Near Saline Lake, eaA of Turtle Mountain. (One speclmen only, im- 
mature.) 

r 

LllfNiBIDJI : 

Limntea stagnalit^ Lin. Lake of the Woods. Pointe du Ch^ne. Dufferin. Long 

River. The specimens from the prairie reg^on are often very well grown 

and robust, the shell being thick and showing strong growth-lines. Some 
specimens from pools at Dufferin measured 56 by 36 mm. 

Limnma elodet^ Say. Lake of the Woods. Pools and swamps of the Bed River 
prairie. Pembina River. Saline Lake, cast of Turtle Mountain. Turtle 
Mountain. Rivlore des Laos. Souris River. Pools near Traders' Boad. 500 
Mile Lake. Oreek near East Fork Milk River. Pool 30 miles weat of WesI 



ApPEl^i^ t, 349 

Butte, Are. Occnrring in yery many varlctal forms, wLich are all here in- 
cluded. Specimens from coulde, Traders' Road measured 36 bj 13 mm. 

Limnma humUüj Say. Lake of the Woods. Dufferin. Pembina Moimtain. Saline 
Lake, E. of Turtle Mountain, Traders' Road. 

Limnma detollata^ Mighels. Lake of the Woods. Abundant on some parts of the 
shores of the Lake of the Woods, generally among rocks and boulders on an 
exposed coast, and creeping orer the stones even in the wash of the waves, 
with the habit of a Littorina. Well grown specimens measure IS by 11 mm. 
Colour pale, yellowish-brown ; surface marked with lines of growth, which 
are sometimes rather coarse, and in the outer whorl are sometimes crossed 
by gentle, irregulär, revolving ridges, dividing the surfiice into quadrate 
areas, in a manner resembling that frequently seen in Limnma elodes. Well- 
preserved specimens also show very fine and close undulating transyerse 
lines, and delicate revolving strise, giving the shell a lustrons surfte. Lip 
usually thickened, and tint^d brownish-purple. 

Limnma eaiascopium, Say. Dufiferin. Ririere des Lacs. Pool Traders' Boad. Oreek 
near East Fork Milk River. West Butte ? 

Limnma caUucopium. Yar pinguit^ Say. * Creek near £. Fork Milk River. 

Limnma eaperatüy Say. Dufferin. Pembina Mountain. Pembina River. 

Limnma paUidaf Kear Dufferin. 

Phjfsa heterostropha, Say. Lake of the Woods. Pointe du Gh^e. Dufferin. 

PhyuL ancillaria^ Say. Lake of the Woods. 

FhyBa ampullacea, Gould. Oreek 13 miles west of Wood Mountain. Measurement 
of largest specimens 22 by 13 mm. 

Bulinu9 hi^orum, Lin. Lake of the Woods. Pools on Red River prairie. Pembina 
Mountain and River. Turtle Mountain. Riviere des Lacs. Traders' Road. 
Specimens from Lake of the Woods attain sometimes 20 mm. Those f^om 
the prairie region reach 23 mm. 

Aneyliu paralUlutf Hald. Lake of the Woods. 

Aneylus rivularis, Say. Roseau River. Souris River. 

FUmorbis trivolvis, Say. Pools on Red River Prairie. Turtle Mountain. Traders' 
Road. East Fork Milk River. 

JPlanorbis trivolvis var. maerostomuB^ Whiteaves. Lake öf the Woods. Pools on Red 
River Prairie. 

This variety is not abundant at the Lake of the Woods, but is the common 
form in the pools and coulees of the Red River Prairie, where calcareous 
matter and food equally abound. Some specimens 28 mm. in greatest 
diameter. 

Planorbii eampanulaiusy Say. Lake of the Woods. 

Planorbis biearinatutj Say. Lake of the Woods. East Fork Milk River. 

Planorbit eorpulentus^ Say. Flag Island, Lake of the Woods. — The specimens are 
from Say's typical locality, and agree perfectly with bis description, the form 
being even better marked than in bis figure. P. trivolvis, and its variety 
maeroMtomut, also occur in the Lake of the Woods. If P. eorpuUntus is also a 
variety of trivolvisy as has been suggcsted, it is a very well marked one, and 
is characteristic of the open reaches of the lake. 

Planorbis exaeutus, Say. Lake of the Woods. Dufferin. 500 Mile Lake. 

Planorbit paroiUj Say. Dufferin. Saline Lake, E. of Turi^le Mountain. 

SegmerUina armigera^ Say. Lake of the Woods. 

SegmefUinaarmigeraYBX campestrii^Vointe dnCh^ne. Dufferin. Traders' Road. 500 
Mile Lake. This is a large fine variety characteristic of the prairie region, 
which I have distinguished by the above varietal name. The normal form, 
with the usual number of whorls (4) is abundant in the Lake of the Woods, 
and surrounding wooded region. Specimens seldom at all ezceed 6*5 mm. 
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The variety eamputrü occurs abundantly in some pools and conl^eg of the 
Bed River Valley, and prairie region westward. Thoy are much larger, with 
more whorls, and only in yoiing specimens show the teeth. Colour genendly 
wax yellow or pal« brown. Diameter of largest specimens from 10*5 mm. to 
12*5 mm, whorls often six, specimens to T'5 mm. often, bat not inyariablyi 
show teeth ; above this sise no teeth were recognised. 

LAXILLIBRAMOHIATA. 
COBBIOÜLADJt : 

Sphrnrium nUcatum^ Lamarck. Lake of the Woods. Pembina River. 

Sphmrium atriaHtwm, Lamarck. Lake of the Woodfli Pembina River. 

Ifyhmrium partumeium^ Say. Lake of the Woods. Dufferin. 

Sphterium rhomboideumf Say. Lake of the Woods. Pembina River. 

Sphterium iemUy Prime. Bonns River. 

Sphmrium tolidulum^ Prime. Lake of the Woods. Souris River. EastFork Milk 
River (wom specimens). 

Sphterium f Btamineum^ Conrad. Pembina River. 

Pitidium Virjfinieum^ Bonrguignat. Lake of the Woods. 

VmCHiDM : 

For the identification of species in this family, I am indebted to Dr. P. P. Car- 
penter : — 

Metaptera alaia^ Lam. Red River ; rare. 

ITnio tpatultUutf Lea. Red River. ^ 

Ünio reetut, Lam. Lake of the Woods. Rosean River. Somewhat rare. 

PUeiamenu undulatu9j Barnes. ( sslatieottatus^ Lea.) Red River. Rosean River. 

HyrideUa eardium. Raf. {ji^vefUrieata^ Barnes var. ■» tuhovata^ Lea,) Rosean 
River. Red River ; not common. 

Hyrideüa Ugamentina^ Lam. Rosean River. 

HyrideUa luteola, Lam. (s^Hliquoidee, Barnes.) Lake of the Woods ; veiy com- 
mon. Souris River ; very common. Roseau River ; abundant. Red River. 
Pembina River. 

Lampeilitflavut, Raf. {s^rubiffinotus, Lea.) Red River. Rosean River. 

Theliderma quadrulue, Raf. {^Utehr^maeumy Lea.) Red River; abundant. 

Leptaidea leptodon. Raf. (= plana, Bames.=j>ur/mraMefu, Swains. ^ Unuimma^ Lea. 
9 ^velum, oay.) Souris River. 



Camplanaria complanata, Barnes. Souris River ; abundant. Rosean River, 
of the Woods ; somewhat rare. 

Complanaria eottaUiy Raf. (zs^rugota^ Barnes.) Roseau River \ rare. 

UrUoptit IFenutaciana, Lea. Lake of the Woods ; abundant. 

Strophüus Penntylvanieu», Lam. (=»Anodonia ruff'ota, Swains. [Not ÄUumodorUü 
ruffota, Ba,m&i.]=^Anodonta undulataf Say. (Soi Alatmodonta undulata, Say]. 
Roseau River. 

AnodotUa FooUanOy Lea. Souris River ; very common. 



(F.) — List qf Planta coüected during the Summers of 1873-14, in the 
vicinity of the Fcrty-ninth Parallel — Lake of the Woods to the Rocky 
Mountains. • 

li hM not been attempted to make this list a general one, by the addition of in- 
fonnation from other Boorces, bearing on parts of the same, or on contiguous regions. 
ThoBe plants only are catalogued, whlch were either collected or obsenred, in 
connection with the Boondary Commission Expedition. The localities given are 
in general those from which specimens were actnally obtained, thongh in some 
caaes I have added additional infonnation from my note-book. I liave also endeav- 
oored to give the date of each specimen, and a note as to its State of advance at the 
time ; that the list may also serve as a contribution to the phenology of the region. 
The places mentioned by name may be fonnd on the general geological map accom- 
panying this Report. 

I mnst express my obligations to Dr. T. J. W. Burgess, and Dr. Millman — Chief 
and second Medical Officers to the expedition respectively — for their assistance in 
making collections. To them many very interesting plants are dne. 

I am also indebted to Prof. John Macoun, for the determination of the Juneoeem 
Cyperaeem, and Oramitiiue^ to Mr. George Bamston for that of the Muici^ kc, Dr. 
Hooker has kindly consented to examine and name sereral of the more difficult and 
critical flowering plants, which have been sent to him for that purpose, and if in 
time will be added to the Appendix. 

O. H. D. 

BAHUKOULACK«. 

« Aquüegia Canadennt^ L. Dniferin, (thicket), June 7, '73, in flower. 

AguiUgia ßaveteenM^ Watson. Kootanie Pass, (thick wood) Aug. 16, '74, in flower, 
but with mature seed also. 

Anemone Pemuylvaniea, L. Dufferin, (thicket) June 6, '73, first blossoms. First 
crossing Souris River, June 3, '74. 

Anemone nemorota^ L. Pembina Mountain, (wood) May, 23, '74 ; in flower : abun- 
dant. 

Anemone PoUm^ L. Var. Nuttalliana, Orey. Near Dnfferin, May 4, '74, in flower. 
May 21, flcfwering nearly past. Common in certain places on the Red River 
prairie, probably choosing dry open soll. Very abundant on tlie second 
prairie steppe. Flowers were fonnd near Turtle Mountain and Long River 
on Aug. 7. and in the second week of Sept. respectively, but only where the 
prairie hau been bumed early in the summer. 

Anemone muUifida, D.C. Winnipegand N. W. Angle Rd, July 3, '73, in flower. 
Badger Creek, (open prairie) June 28, in flower. Turtle Mountain (open 
glades) July 10. '73, in flower. Short Creek, July 10, '74. First flowers. The 
last named is the white variety. 

Anemone parvifloray Ifx. Rocky Mountains (7,000 feet) Aug. 18, '74,- in seed 3} 
inches high. 

Anemone Alpina^ L. Rocky Mountains (6,000 feet) August 16, 1874, in seed. 
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Caltha Paltutritf L. Winnipeg and N. W. Angle Boad (swamp), Jiiljr. 5, '73. Lui 
flowen. Lake of the Woods. Swamp at base Pembina Ht. May 24, '74, 
in flower. 

CUmatis liffuiticifolia, Nutt. Waterton Lake (thicket). Aug, 29, '74. Pait 
flowering. 

Coptit trifoliOf Salisb. Lake of the Woods. 

Delphinium axureum, Mx. Plalns near Wood Monntaln, Jnly 23, '73, tn flower 
bnt with mature seed also. 

Myo9urut minimui, L. Near Short Creok, (open swamp) Jone 10, '74, in flower. 

Banuneulut aquatUin^ L, var. capülaceuB, S. Antler Creek, Jaly 31, *73. Wood 
End, July 13, '74. Kear Wood Mountain, Jnly 2, '74, in flower. 

Hanunculut Purthii^ Richards. Foot hüls of Rocky Moontains (awampa) Aug. 9, 
'74, in flower. Wood End, July 13, '74, in flower. 

Ramtneuhu fhfmmUa, L. var, rq»tant. Lake of the Wooda. Aug. 7, '73, in flower. 

BanwKulu» attortivus^ L. Dnfferin (thicket), June 6, '73, in flower. 

Banuneuhu rtpem, L. Red River Prairie (open swamp) June 284li, '7S, in 
flower. Lake of the Woods, July 8, '73, in flower. Roth the hispid vmrietjr. 

Ranuneulus cMnis^ Rr. Lake of the Woods, (sandy shore), July 12, '73, in flower, 
but with ripe seed. Traders' Road, (open swamp), June 16, '74, in flower, 
with fully formed seed. 

Rammculu» rkomboideuM, (Mdie. Red River (prairie), May 92, '74. PemAiina 
Mountain, (open coul6e), May 26, in flower, but also with earpels lialf grown. 
Common on the open prairie, rarely surpassing 3 or 4 inches. In more 
sheltered localitics taking the form of R. ovalü. Hooker. 

Ranuneulus eymbalaria^ Pursh. Dnfferin, June 9, '73, (open pmirie). Wood End, 
July 8, '74, near Wood Mountain, June 26, '74. Fimt branch Milk River, 
Aug. 6, '74. All in flower. Grows on wet prairie, and along the borders of 
streams. 

Rananeultu hitpidut^ Mx. Dufiferin, (swamp), June 16, '73. Wood Mountain, 
(swamp), June 24, '74. Roth in flower. • 

RammeüUu pygmaeut^ Wehl. Rocky Mountains, 7,000 feet, Aug. 18, '74, in flower. 

Thdlieirum duneum, L. Dufferin, (open pmirie), June 4, '73, in flower. Very 
common. First crossing Souris River, June 6, '74. In river vallies and open 
prairie, abundant in flower. 

Thalietrum diaieum, Var. purpurateefu, D.C. First crossing Souris River, June 
6, '74. 

ThaUtimm eomuti, L. Duiferin, (thicket and borders of wooda), June 25, T3, in 

flower. 

nmSPBBMACBiB. 

Memtpermum canadauey L. Duiferin, (thicket), June 21, '73, in flower. 

BIBBIRXDAOBZi. 

Berberis (Mahonia) aquifolium^ Pursh. Rocky Mountains. With ripe fruit in 
Aug. Dwarf, rarely exceeding one foot in height. Rouigeau says itisfound 
on west side of Rocky Mountains only, but on the forty-ninth parallel it is 
abundant also on the eastem slopes. 

VlYWEMAßEM, 

Nuphar advenoy Ait. Lake of the Woods. July 30, '73, in flower. 

8ABBACBNIACKJB. 

Sarraeenia purpurea^ L. Swamps near the Lake of the Woods. Common. July 
6, '73, in flower. 
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PAPAVKRACK^. 

Sanguinaria Canademis, L. Pembina Mountain (Thicket). May 23, '74, in 
flower. Unique. 

Ft'MARIACEAE. 

CorydalU glauea, Pursh. Winnipeg and North We«t Angle Roacl. July 4, '73, 
with ripe seed. 

Corydalu aurea, Willd. Dufferin, (tliicket) June 3, '73, in flower. Pembina, 
Mountain, May 23, '74, firat blosfioms. Turtle Mountain, July 25, '73, with 
ripe Beed. Found generally where burrowing animals have dinturbed the 
ground. 

CRUCIFXRA. 

Arahin kirtuta^ 8cop. Dufferin, June 18, '73, in flower. Turtle Mountain, July 10, 
'73, «tili in flowör ; Nort;h Antlcr Creek, June 7, '74, in flower. Trade r's Road, 
June 21, '74, in flower. 

Camelina aatioa, Crantz. Red River, July 3, '73 — still in flower. 

CapteUa bursa-paitorU, Moench. Dufferin, June 12, '73 — in flower. Winnipeg 
and N. W. Angle Rd., July 2 '73 — ripe seed. 

Cardamine^ Hp. I. Rocky Mountains, (7,000 feet,) AugUHt 18, '74 — in flower. 

Draba^ gp. I. Pembina Mountain, (second prairie level.) Open Prairie, May 25, 
'74 — in flower. 

Erysimum eheiratUhoideHy L. Lake of the Woods, July 8, 73. Turtle Mountain, 
July 10, '73 — both in fiower. 

Erysimum lanceohtunij Br. Red River (open prairie) June 21, '73. Trader's Rd. 
(open prairie) June 21, '74. Short Creek. June 10, '74 — all in flower. 

Erytimum asfitrum, D. C. K. Antler Creek, June 6, '74, first blossoms. Badger 
Creek, June 25, '73. Pembina Mountain, June 4, '75. Both in flower. Abun- 
dant on the open prairie. 

Nasturtium tanaeetifolium^ Hook. Second brauch Milk R. (Wet l)order of stream), 
Sept. 1, '74 — ^Btill in flower. 

Noiturtium palutlre, D. C. Winnipeg and N. W Angle R<1., July 3, '73 — still in 
flower. 

Sinapis arvensUj L. Dufferin. 

SUymbrium eanetcens. Pembina Mountain, July 6, (open prairie) in flower. 

Sisymbrium brachyearpum^ Hook. Red River, June 27, '73, in flower. 

Strepianthiu sp. I. Short Creek, June 18, '74, in flower. 

Turritü fflabrüj L. Winnipeg, and N. W. Angle Rd ; July 3, '73; still in flower. 

Thla^ffi arvensej L. Dufferin, June 6, '73, in flower; near Winnipeg, June 29, 
'73, with ripe seed ; abundant on the Red River, near the older Settlements, 
not yet common as for south as the forty-ninth parallel, but rapidly spread- 
ing. A most noxious weed, of comparatively late introduetion, and known 
as Maupaüe herbe, or Herb a Violette^ the latter name lH*ing derived from the 
farm on which it was first noticc^l, in the vicinity of L. Winnipeg, 1857 
(Bourgeau.) Occurs abundantly in Quebec and Ontario, and has been a com- 
mon weed near Montreal since 1821 (Holmes' Herbarium.) Not often 
found in the Northern States. 

Vencaria Ludoviciana, D. C. Near Badger Cr. (Dry hlllsides.) May 30, '74, in 
flower. 

VesUaria didymocarpa^ Hook. Rocky Mts., (Gravel banks) Aug. 28, '74, in flower. 

CAPPARlDACRi«. 

Cleofne itUeyr\folia, T. & G. S. of Wood Mt., (dry clay-ljottomed Valley,) June 27, 
flrst blossoms. White Milk R (valley), June 10, '74, in flower.* Seems to 
prefer a dry, clayey, and sub-saline soll. Northward to the Saskatchewan 
(Bourgeau.) 

23 D 
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CUome^ 8p. I. East Butte. Aug. 1, '74, in flower. 

Polani$ia ffraveolent, Raf. Wood End, July 12, '74, in flower. 

VIOLACR^. 

Viola pnhewem^ Ait. Duflferin (thicket) May lö, 1874, first blossoms, Jun« 2, '73, 
in füll bluom. 

Viola Canadensi«^ L. Foot Pembina Mountiün (thicket) May 23, '74, first Wo»- 
Boms. Winnipeg and N. W. Angle Rd (thicket), July 3, '73, Btill in flower. 
Turtle Mountain (Khady thicket), July 13, with ripe Heed. 

Viola itedata, L. Dnfferin (open prairie), June, 3, '73, in flower. Pembina Moun- 
tain redge of Hecond prairie sti'ppe), ^ay 25, '74, firnt blossoms. Extend« to 
the N. Sankatchewan R (RichardHon, Bourgeau.) 

Viola eurultata^ Ait. Dufferin (thicket), June 2, '73. Pembina Mountain, May 
27, '74 (thicket), in flower. A form, which apparently represents this 
Hpecies ig found on both the first and second prairie Hteppes, and from its 
Station comes out somcwhat earlier than the ordinary variety. It is nsually 
small and Ktunted, not more than two and a half inchcs high, and shows 
well marked varietal diff^erenceH. The leaves are smaller, longer in propor- 
tion, and of firmier texture. Flower« somewhat smaller, dark blue ; the 
Kpur twice as long in proportion as in common species. and almoKt resem- 
bling that of Setkirkii. Lower petal lieardless. Founa near Dufferin, in 
flower, but leaveK not fully formed, May 22, '74. In flower, June 3, '73. 

Viola Xiittalii, Pursh. Between L<mg River and Badger Creek, May 30. Plains 
West of Turtle Mountain, June 2, in flower, and somc capsnles with 
seed nearly ripe. Grows on dry, gravelly hillsides. Rare. Observed only 
on the second prairie steppe, but may pass on to the third. Northward to ihe 
Saskatchcwan (Richardson, Bourgeau.) 

DROSSRACE«. 

Drosera longifolia^ L. Height of land, Muskeg, bt^tween Lake of the Woods and 
Red River. Common. 

PARNABSIACEi«. 

Pamasnia Caroliniana^ L. Height of land, Muskeg, between Lake of the Woods 
and Red River. Aug. 22, '73, in flower. This is probably abont the north- 
western limit of the species. 

HYPBRICACKjB. 

Uypericum Scouleri^ Hook. Rocky Mountains. (^6000 feet.) Aug. 18, *74, in 
flower. • 

CARYOPHTLLACKAi. 

Arenaria laieriHora^ L. Dufferin (thicket), June 2, '73. Pembina Mountain, (thicket) 
May 15, '74. First Crossing Souris River, (thicket) June 3, '74. All in 
flower. 

Arenaria pungenf^ Nutt. Kootanie Pass, Aug 14, '74, seed shcd. Rocky Moun- 
tains (7000 feet), Aug. 18, '74, in flower. 

Arenaria nardifolia, Ledeb. Rocky Mountains, (6,500 feet) Aug. 16, '74, few 
flowers remainiug. 

Cerastium nutans, Raf. Puflferin, June 18, 'iS. Turtle Mountain (open prairie), 
stuntiMl variety, July 25, '73. Pembina Mountain (open prairie), May 25, '74. 
All in flower. 

CeraMium ohlongifolium^ Torr. Rocky Mountains (6500 feet), Aug. 18, '74, in 
flower. 

SHerte Menzieftii^ Hook. South Fork Belly River (wood), Aug. 13, '74, still in 
flower. 

Sihne atitirrhina^ L. Winnipeg and North-west Angle Road, July 2, '73, in flower. 
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Süene DougUuii, Hook. Rocky Mountains (1500 feet), Aug. 18, '74, in flower. 
SuUaria Umgifolia^ Muhl. Dufferin (damp thicket), June 12, '73, in flower. 

MALTACIA. 

Mahaatrum eoeeinevm, Gray. Long River (open prairie), June 25, '73, in flower. 
Near Wood End (dry open prairie), June 12, firHt bloiwoms. Wood End, June 
18, (open prairie), in flower. Long River is about the eastern limit of this 
plant, on lat. 49®. It w common westward, especially on dry plains. 

Sphmraleea acerifolia^ Nuti. Foot Hills of Rocky Mts., (thicket) Aug. 8, 74, in 
flower. 

LntAClAI. 

Liuum perennff L. Common from the Red R. prairie westward, growing on the 
open plains, but especially in sheltered hoUowsand along river banks, flower- 
ing in June. 

Linum rigidum^ Pursh. Milk River i sheltered valley), July 21, *74. First brauch 
Milk River (bottom land), Aug. 5, '74, 5 to 6 inches high. Roth in flower. This 
plant also noticed on dqr upland prairie, near Wood Mt., but very rarely. It 
thcre only attained a height of 1 to 2 inches, and sometimes showed but a 
Single terminal flower. 

OXALIDACIAI. 

Oxalw ttrieUiy L. Dufferin, June 10, '73, in flower. 

6KRANIAC&«. 

Oeranium Riehardsoniif Fisch k Meyer, ( O. albißorumy Hook.) Foot hüls of Rocky 
Mts. Aug. 7, '74, in flower, but with ripe seed also. White variety. 

Geranium Fremontüy Torr. Wood Mt. • in sheltered Valleys), June 23, in flower. 
Abundant. Also growing with the last in great abundance on the Foot 
hüls; the greater part of the flowers had fallen in the first weekof Aug. 
The roots of this plant, or the last, or both, are used by the Indians as a 
remedy for diarrhoea. ^ 

deranium earoUneanum^ L. Winnipeg and N. W. Angle Rd. July 3, '73 ; in flower. 
Oeranium^ 8p. I. thicket. Turtle Mountain. July 25, '73 ; in flower. 

BAL8AMINACI«. 

Impatiefu fuiva, Kutt. Lake of the Woods. (Swamp.) August 2, '73 ; in flower. 

AMACABDIACUB. 

Sku9 glabrOf L. Lake of the Woods. July 6, '73. 

Rkus tfHobata, Kutt. (Rhu» arwnaiica^ Oray). Bad Lands south of Wood Moun- 
tain. June 29, '74. Berries nearly ripe. Also observed as far east as Pyra- 
mid Creek. Qrows only on dry harren hlll-sides. Few specimens of this 
plMit were seen ; and latitude 49^ is probabty about its northem limit. 

Rhm toxkodenänm, L. Dufferin. (Thicket). June 21^ '73 — in flower. 

TITACBA. 

Atnpeloptis quinquefcHa^ Mx. Lake of the Woods. July 19, '73— just flowering. 
Vüi» eord^olia, Mx. Duff^».Tin, June 18, 73, in flower. 

RHAMNACEiB. 

CeanothuM vehitinu*^ Dougl. (Var. Isevigatus, F. ä G.= C. UtvigaiuSj Hook.) 
Kootanic Pass, a shrub about 3 feet- high. 

Rhamnut alnifoluM^ L'Her. Lake of the Woods, Aug. 7, 73. Kootanie Pass, Aug. 
14, '74. * Both in fruit. 
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ACBRINA. 

Acer rubrvTH^ L. Kootanie Pasfi, Mountains near Waterton Lake. 

Ntgundo aceroide»^ Moench. Lake of thc Woods, Red River Valley, and wesiward 
in the vi^lies of rivera. In flower at Dufferin, May 8, '74. Finds Its northem 
limit on the N. Sagkatcliewan in lat. 54^, according to Richardson. Its aap 
is frequently coUected and boiled down to make sngar in spring. 

POLTGALACS«. 

Polygala polygama^ Walt. Lake of the Woods, July 24, '73, in flower. 

Polygala tenega^ L. Rising ground £. of Red River prairie, June 20, '73, in flower. 
Lake of the Woods, July 22, '73, with ripe seed. 

LIOÜlflNOSA. 

AttragaluB CanademU, L. Winnipeg and N. W. angle road, July 6, '73. Red 
River prairie, June 24, '73. Turtle Mountain, July 30, '73. Wood End, July 
12, '74— all in flower. 

Astrßgalu9 Canadenn», Yar. Wood End, June 30^'74. Lake of Wood Mountain, 
June 27, '74 — both in flower. 

AiiragaluB caryocarpu», Ker. Rising ground £. of Red River prairie, June 20, '73 — 
fruit fully formed. West of Pembina escarpment, (diy bank,) May 26, '74, 
in flower. Very common on the sc^cond prairie steppe, W. of Pembina 
River. — Var, W(x>d End, <dry l)ank), June 11, '74, wlth laiger leavea and 
fewer flowers, biit not agreeing with A. mexicanutf and A. earyocarptu of the 
. normal form, growing on thc same liank, but having its fruit fully formed. 

Astragalus kypogloUii, L. Red River Prairie, May 22, '74, flrst blossoms. June 4, '73, 
in flower. First crossing Souris R (Valley and open prairie), June 3, '74, in 
flower. Abundant. Traders' Rd. June 19, '74, in flower. Wlilte varlety. 

AjUragaliu ßexuotw^ Dougl. Red River Prairie, June 27, '73. TurtJe Mountain 
rdry bank,) July 26, '73. Wood Mountain (dry open pndrie,) June 26, '74. 
All in flower. 

Astragahu flexuotusj Dougl.#^ar. elongatu» (= Phaca EUmgata, Hook.) Near Short 
Creek (open prairie) June 10, '74, first blossoms. 

Aitragalfu Minsourientiity Nutt. Near Short Creek, (dry hill sides), June 10, '74, in 
flower. 

Atlragalvs peetinata^ Dougl. First crossing Rouris River, (dry open prairie), June 
3, '74, first blossoms. Plant with a strong unpleasant odour. 

Aslragalm adsurgent^ Pall. Traders' Road, (open prairie), June 21, '74, in flower, 
forming dense tufts about 18 inches high. South of Wood Mountain, June 
30, '74, in flower. 

AstragaluB ahoriginorrim, Rieh. Pembina Mountain, (open prairie), July 4, '73 — ^in 
flower. Short Creek, June 10, '74 — in flower. 

Aatragalw Bourganii^ Grey. Rocky Mountains, (6,000 feet): August 17, '74 — in 
flower. 

Asiragalus triphyllui, Pursh, (not Phaca extpitosa Nutt.) First crossing Souris 
River, (dry gravelly banks), June 3, '74, last blossoms. Forming dense matted 
tufts, flowers white with bright purple Ups when fresh. 

AHralagus emtpitosttty Grey. White Mud River, (dry bank), June 3, '74, with aeed 
nearly ripe. 

Aitragalu» tegetarius, Watson. Kootanie (Pass, dry bank,) August 14, '74 — in 
flower. 

Desmodium Canadenae, D. C. Lakt' of the Woods. July 28, '73, in flower. 

Hedysarum boreale^ Nutt. Foot Hills of Rocky Mountains, (thicketa and borders 
of streams). August 15, '74, still in flower in sheltered locftlities. 

Lupinus argenUuiij Pursh. South of Woody Mountain. July 26, '74, in flower. 
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Lumnui argenteusf Wood End. September 1, '73, in flower. 

Latkyruf maritimuSy Bigelow. Lake of tho Woods. August 7, '73, in flower. 

Lathyrm venont», Muhl. Dufferin. June 22, '73, in flower. 

LathyruB oehroUucut^ Hook. Dufferin, (thicket). June 3, '73, in flower. — First 
crosaing Souris River, thicket in valley. June 5, 74, first blossoniB. 

OxytropU Lamberti, D. C. N. Antler Creek (open pniirie) June 6, '74, in flower. 
White Mud River (dry bank) July 3. '74, still in flower. First crossing Souris 
River, June 3, '74, (dry open prairie and gravelly banks) in flower. White 
variety. 

OzyiropiM »pUnderu^ Dougl. (var. veiiücL^ Hook). Turtle Mountain, (open prairie) 
July 10, '73, in flower. 

(hytropü spUnden»^ Dougl. (var. Riehardtonii, Hook). Turtle Mountain, thicket, 
July 11, '73, in flower. My spccimens are very difierent in appearance from 
the last, and might almost rank as a difl^erent species, especially as found 
growing nearly in the same locality. The leaves are almost all regularly 
pinnate, with scarcely a tracc of verticillate arrangement in the leaflets. 

Psoralea brachiata, Dougl. Aising ground east of Red River prairie, June 19, '73, 
in flower. Wood End, (open prairie) July 4, '74, still in flower. East Fork 
Milk River, July 18, '74, past flowering. 

Ptoralta argopkyüa^ Pursh. Turtle Mountain (open prairie) July 30, '73, in 
flower. N. crossing White Mud River, July 11, '74, flrst blossoms. From the 
eastem edge of the second prairie steppe, to the Rocky Mountains,* abundant. 
Flower, cobalt bluc. 

Pelalostetnon vialaeeum^ Mx. Rising ground E. of Red River prairie, Aug. 27, '73, 
in flower. Turtle Mountain (open prairie) July 25, '73, in flower. West 
Butte, July 24, '74, in flower. 

P§talo9Umon coftdidumy Mx. var. Turtle Mountain, (open prairie) July 21, '73, 
in flower. 8. of Wood Mountain (dry prairie and hill-sides) July 2, '74, first 
blowoms. The leaves nearly all obtuso, and sometimes sli^tly obcordate. 
Does not agree exactly with Michaux's figure. 

Thermopii» rhombtfolia, Nutt. First crossing Souris River and westward, (damp 
siK)t8 on the open prairie and hill-sides) June 3, '74, in flower. 

Vtcia Americana^ Muhl. Lake of the Woods, July, '73, in flower. Dufferin, (open 
prairie) June 10, '73; (thicket) June 12, '73 ; near Short Creek, June 10, '74. 
Both in flower. 

Vicia Amerieana^ Muhl, var. B., Hooker. Near Turtle Mountain (open prairie), 
June 1, '73. Near Wood Mountain (open prairie), June 25, 74. Both in 
flower. A well-markcd variety, inhabiting dry exposed prairies. 

B08A0&«. 

Ayrimonia eupaloria^ L. Turtle Mountain, (thicket) July 23, '73, last blossoms. 

Amelanchier Canadensüj T. k G. Dufferin, June 3, '73, in flower. Foot Pemblna 
Mountain, May 22, '74, first blossoms. Common on the forty-ninth parallel 
from Lake of the Woods to the Rocky Mountains. West of the Red River 
country, only occurs in sheltered Valleys, but becomes* very abundant again 
on the foot hüls of the mountains. In many varietal forms. 

• 

Crai«yus coerinea^ L. Dufferin, June 2, '73 ; second crossing Souris, June 8, '74. 
Both in flower. 

Comarum palutlrej L. Winnipeg, and N. W. Angle Road. July 3, '73, in flower. 

Dryaa oeiopetala^ L. Rocky Mountains, (6,500 feet). August 18, '74, in flower. 
Abundant on gravelly banks in the Kootanic Pass, where plants showed half 
ripe seeds at the same date. 

Fragaria Virginiana^ Ehrhart. Dufferin, June 2, '73, in flower. Found grf>wing 
on the third prairie steppe in sheltered parts of tho valley of WTiite Mud 
River. 
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Fragaria t»M<?«, L. Winnipeg and N. W. Angle Road. July 4, '73, flowen and fruit 

Qeum tfißorum, Pnrsh. Red River prairie, May 21, '74, in flower. June 19, 73 
gtyles 3} inches long. Northward to Athabasca Lake (Richafdson), and ihe 
Peace Rirer (Macoun.) 

Oeum maerophyllum, Willd. Turtle Mountain (thioket): July 15, *73, in 
flower. Foot-hills of Rocky Mountains. Augutft 12, '74, flowering nearly 
over. 

Geum tirietumj Ait. Winnipeg and N. W. Angle Road. July 3, '73, in flower. 

PoUniiila tHdetUata, Ait. Winnipeg and N. W. Angle Road. July 4, *73, lagt 
blofwomg. 

PotentüU norvegica^ L. Red River. June 29, '73, in flower. 

PotentiUa /rutieow, L. Eastem border of Red, River Prairie. Jone 20, '73. 
Winnipeg and N. W. Angle Road. July 3,* '73. Woody Mountain, June 
22, '74 ; all in flower. Abundant near Woody Mountain, and on ihe Foot- 
hills of the Rocky Mountains. 

PotentiUa anterina^ L. Dufferin, June 10, '73. Near Short Creek, June 10, '74. 
Roth in flower. 

PotentiUa argutOj Pursh. Red River, June 28, '73 ; near Wood Mountain, June 
27, '74 (open prairie). Roth in flower. 

Potentilla glandulom, L. Rocky Mountains ^6,000 feet,) Aug. 16, '74, in flower. 
Varicty, with petals considerably exceeding the «epals. 

PotentHU efusa, Dougl. Pembina Mountain (gravelly bank) May 26, '74, fintt 
blossoms. Long River, (open prairie) May 29, '74, in flower ; first crossing 
Souris River, (dry bank) June 3, '74, in flower. 

PotentiUa graeilitj Dougl. Pembina Mountain (open prairie) July 6, '73 ; Turtle 
Mountain, (open prairie) July 9, '73, both in flower. 

PotentiUa Penney hanico^ L. Var. »trigoea, Pursh. Turtle Mountain, (open prairie) 
July 10, '73 ; Wood End, (open prairie) June 13, '74. Both in flower. 

PotentiUa hij^nana, Lehm. Wood End, (open prairie) July 7, '74, in flower. 

PotentiUtk Sp. I. Wood Mountain, June 24, '74 ; Traders' Road, July 15, '74. Both 
in flower. 

PotentiUa, 8p. II. Rocky Mountains (6,500 feet), Aug. 18, '74, in flower. 

Potentaia (Iveeia) Sp. III. N. Antler Creek (open prairie), June 7, '74. Wood End 
(open prairie), June 14, '74. Both in flower. 

Prunut Virginianoy L. Dufferin, June 4, '73. First crossing Souris, June 3, '74. 
Both first blossoms. Distribution same as Amelanehier Canadenn». The 
Toqua^'tninarS of the Lake of the Woods Chippeways. The Indians collect 
the berries, beat them tili the stones are crushed, and then dry them. 

Prunui Amerieana, Marsh. Dufferin, June 3, '73, in flower. 

Prunus Penneghaniea, L. Foot Pembina Mountain. May 22, '74, flowers Just 
opening. 

Prunus depreesay Pursh. Lake of the Woods. 

Roia blandoy Ait. Dufferin, June 19, '73, in flower. Near Wood Mountain, June 
30, '74, in flower. Grows commonly in a stunted form on the open plains 
of the Red River, and westward on the second prairie steppe, as fiir a« 
Turtle Mountain. Beyond this point, it is seldom seen, ezoept in sheltered 
Spots in vallies, and along the borders of streams. 

Rubut ttrigotut, Mx. Dufferin, June 19, '73. Wood Mountain, June 24. Both in 
flower. 

Ruhus Irißorut, Richard. Dufferin, June 3, '73. Wood Mountain, June 24. Both 
In flower, 
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Bubus Nutkanu»^ Moc. Kootanie Pas«, Aug. 16, '74, in flower. Also common on 
the Foot Hills with ripe fruit. 

Spirxa iolici/oliaf L. Lake of the Woods. Dufferin. June 30, '73. Badger's 
Creek, (open prairie). January 7, '73. Pembina Mountain, (open prairie). 
January 4, '73. Winnipeg and N. W. Angle Road. July 5, '73. All in 
flower. Abundant on the eastern portion of the secoud prairie steppe, 
whereyer the aoil is at all damp, Forms stunted thickets. The form most 
characteristic of the open plains seems to be one with small but broad 
leaves, slender stems, panicle small and dose. 

Syirita betiili/oliaj Fall. West Butte, July 28, '74. Kootanie Pass, August 
16, '74. Both in flower. 

SibbakUa proeumbent, L. Rocky Mountains, (7,000 feet), August 18, '74, in 
flower. Abundant but much stunted. Scar jcly an inch high. 

ONA0RACEA. 

Circxa alpina, L. Lake of the Woods, July 9, '73, in flower. 

Epilohium angusltfolium^ L. Lake of the Woods. Turtle Mountain (thicket.) 
July 13, '74, in flower. Var. canescens. Lake of the Woods. August 7, 
in flower. 

Epüobium laUfolium, L. St. Mary River, near the Rocky Mountains. (Border of 
stream), August 9, '74. Nearly past flowering. Rocky Mountains, (7,000 
feet). August 18, '74, in flower. 

Epüobium paluntre. Var. lineare. Gray. Near Wood Mountain, July 2, 
'74, in flower. Foot-hills of W. Butte, (border of stream), August 2, '74. 
Hecond Brauch Milk River, August 4, '74. The two last in flower but also with 
fully formed pods. 

Epilobium paltutre^ var. albiflora^ Hook. Near Wood Mountain, (swamp) July 7, 
'74, in flower. 

Epilobium eoloratum, Muhl. Lake of the Woods, July 18, '73, in flower. Foot 
hills of W. Butte, (border of stream) Aug. 2, '74, in flower, but with ripe pods. 

Epilobium origanifolium^ Lam. Rocky Mountains, Camp Akamina, (6,000 feet) 
growing in the shade of thick woods, in flower. 

Oaura coceinea^ Nutt. Badger Creek, July 7, '73, in flower. Wood End, (dry banks) 
rare, June 11, '74, first flowers. Common westward from these localities, on 
the dry places. 

Myriophyllum spieatum^ L. Lake of the Woods, Aug. 1, '73. 

(Enothera bietmisj L. Lake of the Woods, (dry sandy shore) July 7, '73, in flower. 
Turtle Mountain, July 25, '73, in flower. 

(Enothera marginala^ Nutt. (=a (Enothera ectfpitoia^ Nutt,) in Porter k Coulter, ^ya. 
H. Col.) Short Creek, June 10, '74, (dry clay bank) fragrant. Acaulescent 
var. 

(Enothera heterantha^ Nutt. Traders' Road, (open prairie) June 14, '74, in flower. 

(Enothera leucoearpa, Comien. Turtle Mountain, (open prairie), July 26, '73. 
Wood End, July 18, '74. Near Wood Mountain, July 9, '74. All in flower. 
Agrees with Hooker's description, but the anthers appear to be versatile, not 
adnate. 

(Enothera pumiloj L. Lake of Woods, Aug. 20, '73, last flowers. A depaupcrated 
variety, with flowers bright yellow, scarcely four lines in diameter. 

(Enothera albieauUtj Nutt. Pembina Moimtain, Sep. 6, '73, in flower, Unique. 
Glabrous variety, with white petals. 

(Enothera f Sp. I (near Micaulia), Wood End (open prairie), July 7, '74, in flower. 
West Butte (open prairie), July 30, '74, in flower. 

(Enothera^ 8p. II. Second Brauch Milk River, Aug. 4, '74, in flower. 

(Enothera, Sp. III. Milk River, July 19, '74, in flower. 
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Symphoriearpun oecidenUUü, B. Br. Lako of tbc Woods. Red River, Jane 

27, '73, in flower. 

LOABACIiS. 

Mentzelia omata, Pursh. and Nutt. Foot-hiUs of West Butte (shcltcred Valley), 
July 31, '74, in flower. 

CACTACX«. 

Ojfuntia Miuouritnnty D. C. Specimens appear to belong to var. rußspma of En- 
glemann k Biglow's Report in connection with the Pacific Bailway. The 
plant is very variable, however, and no doubt other variettes are represented 
on the forty-ninth parallel. Near Wood Mountain, June 26, '74, in flower. 
The plant comes very suddenly into bloom, and is very gay for a few days. 
In '74, from June 26 to July 3. Common everywLere, bnt especially char- 
aoteristic of dry hüls and barren Valleys, with parched and clayey soil. 
From Wood End, Long. 103°, to near the E. Butte, Long. IIP. East and 
west of these points the rainfall increases, and it is probably this cause tbat 
limits the plant. Collected on the Saskatchewan, by Bourgoau. Macoun col- 
lectc^i a cactus, which he refers doubtfully to this species, near Dunregan, on 
the Peace River. 

Mavullaria {CoryphmUha) vivipara, Haw. Wood End. June 27, '74. Near Wood 

Mountain, July 6, '74. Both in flower. Bange simiUr to last, bot noi nearly 

so abundant. Berry edible, rii>e in 8ept. The flowers, before being dried, 

are not purple, but carmine. 

The locality furthest east where Cacti wcrc observed, on the forty-ninth parallel, 

was on the plains near Turtle Mountain. The form there seen was not in flower, and 

did not appear to be growing luxuriantly. It was rare, and may be a depauperated 

variety of u. MittourUntii^ but is probably distinct. Sir J. Richardson mentions the 

occurreuce of a Cactus on the Lake of the Woods. He writes, <<We gathered Opuntia 

Olomerata, or the Crapaud Yerd, of the voyageurs, on the Lake of the Woods." ^Joum. 

Boat Voyage, Vol. II., p. 277.) Though some time on the Lake of the Woods, I did not 

succeed in eonfirming the presence of this form, and from the darapnessof theclimate 

am lud to suspect that some error in reference has occurred. 

OB08817LACI.«. • 

Bibes aureum^ (Pursh). West Fork Milk River, July 18, '74. Fruit formed, but not 
ripe. Seen only at this place. 

RiU8 rotundijolium, Mx. West Fork Milk River, July 18, '74. Bxpe fruit^ 

Ribes floridum^ L. Her. Dufferin, June 2, '73, in flower. First crossing Souris Raver. 
June 3, '74, in flower. Lake of WoodK, kc, 

Ribes rubrum, L. Winnipeg, and N. W. Angle Road, July 4, '73. Ripe fruit 

Ribes eyno9bati, L. Pembina Mountain (thicket), May 27, '74, in flower. 

CUCUBBITAC&«. 

Eehinoey9ti$ lobata^ T. k S. Lake of the Woods (boggy shore), July 8, '73, in 
flower. Turtle Mountain, July 23, in flower. 

CRASBÜLAOE«. 

Sedum aUnopetalum, Pursh. Summits of three Buttes, or Sweet Qrass Hills, July 
29, '74, in flower. Rocky Mountains (6,000 to 7,000 feet), Aug. 18, '74, in 
flower. 

Sedum rhodkoia^ D. C. Rocky Mountains (7,000 feet), Aug. 18, '74, past flowering. 

bedum^ Sp. I. Kootanie Pass, dry bank. 

SAZÜBAOACKB. 

Heuchsra eylindriea, Doug. Kootanie Pass, Aug. 14, 74. With ripe seed. 

Meuehera Riehardtoni, R. Br. Red River Prairie, June 18, 73, iu flower. Abundant 
From the Lake of the Woods, westward. 



APPSNDIX F. 361 

» 

Leptarrhena pyroli/oliaj Brown. Rocky Mountains. Camp Akamina (6000 feet), 
Aug. 17, '74. Seed nearly mature. Growing on the Hhady bank of a mouu- 
tain Btream. The seeds are Rlender, gpindle-shäped, thickuned in the middle, 
the two end8 slightly bent in different directions. 

MiUüa nuda, L. Winnepeg and North West Angle Boad (thick wood), July 5, '73, 
seed nearly mature. 

Mitella penUtndra, Hook. Rocky Mountains. Camp Akamina (6000 feet, 
thick wood), Aug. 18, '74, seed nearly mature. 

Saxifraga heterantha^ Hook. Rocky Mountains. Camp Akamina, (6000 feet, 
bank of stream), Aug. 18, '74, in flower. A weak variety, with smooth 
leaves. 

Saxifraga Dakurica, Fall. Kootanie Pass, Aug. 16, '74, past flovering. 

Saxifraga hronchiaXüy D. C. West Butte (5600 feet), July 29, '74, in flower. 
Rocky Mountains (6000 feet), Aug. 16, 74, past flowering. 

Saxifraga vernalisj Willd. var. B., Hook, in Fl. Bot. Am. Rocky Mountains (7000 
feet), Aug. 18, '74, in flower. 

Saxifraga Eicholtzii^ Sternb. Rocky Mountains (7,000 feet), Aug. 18, '74. I first 
obtained a specimen of this plant from Major Cameron, who found it on the 
Bummit of a mountain near the Kootanie Pass. A few days afterward, I 
found it growing in considerable abundance on the peaks near the Boundary 
Monument. It fonns a dense, matted sod, and is generally seen growing be- 
tween stones in the shady and retired parts of the mountains, near melting 
snow banks. Most of tlie specimens were past flowering on the date men- 
tioned. De8cril>cd by Sternberg from Nortliem Asia, but found also on the 
north west coast of America, lat. 59^, Behring's Straii^ and on the Arctic Sea 
shore, near Mackenzie River. 

Tiarella unifoliaia, Hook. Kootanie Pass (wood), Aug. 16, '74, nearly past 
flowering. licscribed by Hooker from specimens collected by Drummond on 
the hetght of tand in the Rocky Mountains, near the sources of the Columbia, 
and at Portage River. 

UMBlLLmiUB. 

Cieuta Maeulata^ L. Lake of the Woods, July 31, '73, in flower. Winnipcg, and 
N. W. Angle Road, July 2, '73, in flower. 

Carum Oairdneri, Benth k Hook. South Fork, Belly River, Aug. 16, in flower. 
Abundant. 

CgmopUris, Sp. I. Wood End, June 11, '74, in flower. 

Ueraelium laruUum^ L. Red River, prairie, July 3, in flower. 

Owmorrhiza breviHgUtf D. C. Kootanie Pass (thick wood), Aug. 16, '74, with rlpe 
carpels. 

Osmarrhiza UmgitigUSf D. G. Wood Mountain (thicket), June 24, '74, in flower. 

Peueedanum 8p. I. Wood End, June 11, '74, with seed nearly ripe. 

Sanieida MaryloMdiea, L. Rod River, June 20, '73, in flower. 

Siumlweare^Ux, Lake of the Woods, July 31, '73, in flower. Turtle Mountain, 
July 25, '73. Both in flower. 

Thatpium trifoliatum, Gr. Dufierin, June 4, '73, first blossoms. Traders' Road, 
June 14, '74, in flower. Abundant over the first and second prairie steppes, 
and very variable. • 

Umb. I. Foot Hills of Rocky Mountains (dry banks), Aug. 7, 74, In flower. 

Umb. II. Near Pembinft Mountain (open prairie), May 22, '74, in flower. 
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ARALIACI«. 

AraUa nudicauUt, L. Wood End, Souri« Biver (thicket), June 11, '74, pwt 
flowering. 

Aralia kUfida, Winnipog and North-west Angle Road, July 5, *T3, in flower. 

OORNACUi. 

ComiM Cima4enn9^ L. Winnipeg and N. W. Angle Road, July 4, 73, in flower. 

Cofnui pamculata^ L'Her. Dufferin, June 6, '73, first blossomii. Second crossing 
Souris Biver, June 8, '74, in flower. 

Cormu ttohmiferOf Mx. Lake of the Woods. 

CAPRirOUACEAE. 

DürviUa tr^^, Moanch. Winnipeg, and N. W. Angle Boad, July 4, '73. 

lAnnma honidiM^ Gron. Lake of the Woods, July 9, '73, in flower. 

Lonicera involueratä^ Banks. South Fork of Bclly Biver (in the Mountains), 
Aug. 15, '74. Kootanie Pass (thicket), Aug. 16, '74. Both in flower. 

Lomesra oblongifolia, Muhl. Winnipeg and N. W. Angle Boad, July 3, '73, in fruit. 

Lonieera parmflora, hAtn. Duflerin (thicket), June 14, '73, in flower. 

Fi6iirfiiifa o/mlut, L. Duflerin (thiuket), June 12, 73, in flower. 

Vihumum UfUago^ L. Duiferin (thicket), June 13, '73, in flower. 

RUBIAOBA. 

QaUum loreate^ L. Duflerin (open prairie), June 17, '73, in flower. Wood Moun- 
tain, June 23, '74, in flower. Very abundant, especially on the Bed Biver 
prairie. 

Oaimm trißorum, Mx. Lake of the Woods, July 8, '73, in flower. TurÜe Moun- 
tain, July 19, '73, in flower. 

Oaiium tiißdum^ L. Winnipeg and N. W. Angle Boad, July 3, '73, in flower. 

Houttonia eüioiaia, Torr. Winnipeg and N. W. Angle Boad, July 3, '73, in flower. 

H<nuUmia ienuifoltOj Nutt. Lake of the Woods, July 7, '73, in flower. 

VALIBIANAOIJK. 

Valeriana »ylvaUea, Blchards. Bocky Mountains, (6,000 feet) Aug. 16, '74, last 
blossoms. 

COMPOBITJB. 

AekiUea mülrfoHum^ L. Bed Biver, prairie, July 2, '73, in flower. Abundant 
everywhere from the Lake of the Woods to the Bocky Mountains. 

Ambratia juiloHaehfOy D. C. Lake of the Woods, July 18, '73, in flower. West- 
ward, at least over the first and second prairie steppes. 

Ambroaia trißda^ L. Var. iutegn/olia. Near Milk Biver (low, fertile prairie land) 
July 19, '74, in flower. Specimens about 1 foot high, with a Single flowering 
spike. 

AetineUa acauliSy Nutt. West Butte (dry hill), July 30, '74, in flower. Plant not 
uncommon, but only a Single flowering specimen obtained. 

Amida hirauia, Nutt. Foot Hills of West Butte, July 30, '74, in flower. Plant 
with a heavy, unpleasant, minty smell. Number of ray flowers inconstant. 
Found only in this locality, and growing in a sheltercd hollow in groat 
abundance. 

AiUennaria pUmtagintfclia, Br. Bed Biver Prairie, May 20, '74, in flower. Pem- 
bina Mountain, May 26, '74, in flower. 

AnUnnaria dioica^ var. rotea^ Oaertn. Near Short Creek, June 10, '73, in flower. 

Aniemuxria Alpma^ Oaertn. Bocky Mountains, Aug. 18, '74, in flower. 
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Antennaria Sp. I. 385 Mile Point, Fooi Hills of Rockjr Mountains, Aug. 1, '74, 
post flowering. 

Aptopapfnu NuUaUii, T. and G. White Mud River (dry bank), July 3, '74, in 
flower. 

Jplopa^nu apinulotus, D. C. Turtle Mountain, Aug 23, '73. First Crossing 
Bouris River, July 30, '73. Both in flower. Not common on the second 
prairie steppe, but abundant wcstward, on tiie drler plains. 

AplopappualaneeoUUtUfT.BJidQ, First Branch Milk River, Aug. 6, '74, in 
flower. 

Apiopt^jijrtUt 8p. I. Short Cr., June 10, '74. Orowing in dense, matted tufts. 

Amiea anguHifolia^ Vahl. Souris River (open prairie), June 7, '74, in flower. 
Abundant. 

Amiea Menzietü, Hook. Eootanie Pass (thicket), Aug. 16, '74, in flower. 

Amica longifolia^ D. C, Eaton. Rocky Mountains (7,000 feet), Aug. 18, '74, in 
flower. 

ArUmisia/rigidaf Willd. Rising ground, east of Red River prairie, Aug. 23, '73. 
Wood End, Sept. 1, '73. Both in flower. 

Ariemma Dauglatütna, Bess. South of Wood Mountain, dry clay bank« in the 
bad-lands, June 29, '74, in flower. 

AHemina Lwiovieiana, Nutt. Var. I. East Fork, Milk River, Aug. 23, '74. West 
Fork, Milk River, Sept. 10, '74. Both in flower. This is the most common 
variety of ^< sage " on the third prairie plateau, and grows very abundantly 
on dry, open plains and dry Valleys. On the second prairie plateau 
A,/rigida is probiäbly more abundant. 

ArUmisia Ludooieiana^ Nutt. Var. gnaphaUides, T. k Q. Wood End, July 14, '74, 
not yet in flower. 385 Mile Point, Sept. 18, '73, past flowering. 

Artenuna Canadetuu, Mx. Lake of the Woods, Aug. 7, '73, in flower. Wood End, 
July 14, '74, not yet in flower. Foot hüls of Rocky Mountains, (dry hill- 
sides) Aug. 7, '74, in flower. 

Artemüia dtteolor, Dougl. Kootanie Pass (dry bank), Aug. 4, '74, in flower. 

ArUmüia draeuneuloides, Pursh. Second Crossing Milk River (dry bank), Aug. 6, 
'74, in flower. 

Atter muHifloruij L. Turtle Mountain Aug. 12, '73. Second Branch Milk River, 
Aug. 4, '74. Foot hüls, Rocky Mountains, Aug. 26, '74. All in flower. 
Abundant from the Red River to the Rocky Mountains. 

AUer maerophylhuj L. Lake of the Woods, Aug. 7, '73. Turtle Mountain, Aug. 
11, '73. Both in flower. A straggling variety, with broad wingcd petioles. 

Ader granUmfolviSy Pursh. Height of Land Muskeg, between Lake of the Woods 
and Red River, Aug. 21, '73, in flower. 

Aiier camnuj Nees. Foot Hills of Rocky Mountains (damp thicket), Aug. 26, '74, 
in flower. 

AiUrlmvU,!*. Second Crossing Souris River (thicket), Aug. 11, '73. In flower. 
Abundant. Foot Hills of Rocky Mountains, Ang. 26, '74, in flower. Speci- 
mens from the first locality coming under var. Itevigatut^ those from the latter 
approaching var. eyaneuM. 

AmUt muerj Lake of the Woods, Aug. '73. 

Aßter taliuginonu, Rieh. Rocky Mountains (6000 feet), Aug. 16, '74, in flower. 

Aäter. Sp. I. Near Wood Mountain. Saline soil. Sep. 15, '74, in flower. 

AttcTf Sp. II. Turtle Mountain, (open prairie). July 26, '73, in flower. 

■ 

Asier^ Sp. III. Near Wood Mountain, (saline soil.) September 15, '74, in flower. 
Bidefu Beekiij Torr. Lake of the Woods. August 18, '73, in flower. 
ßideru chrytarUhemoide«^ Mx. Lake of the Woods. August 18, '73, in flower. 



364 B. N. A. BOUNDART COMMI88ION. 

Cktmaetis, D. C, 8p. I. Wood Mountain. Shore of Saline Lake. July 20, 
'74, in flower. , 

Chrywprit viUota, Nntt. Risin^ ground east of Bed River prairie. August 22, '73. 
Turtle Mountain, lopen prairie.) July 23, '73. Both in flower. Abundant 
eveiywhere on dry stony plaius. 

Chryaopns {Diptopaftpu*) hiitpida^ Hook. Wood End, or Wood Mountain. (Label 
of specimen lost.) Abundant in the Coteau. 

Ciriium mutieum, Mx. Lake of the Woods. July 30, '73, in flower. 

Cirtium aUwimum^ Spring. Turtle Mountain, (open prairie.) August 5, 73, in 
flower. Kootanie Pass, (meadow.) August 14, '74, still in flower. 

Cortopmt tinetona, Nutt. South of Wood Mountain. July 1, '74, firat hloflsoins. 
West Fork Milk River. August 22, '74, in flower. Not abundant, nor obaerved 
on the northern side of the watershed. 

Cr^ elegan*^ Hook. Kootanie Pass. August 15, '74, still in flower. Found on 
gravel banks flooded in Spring. 

Diplopapput umbeUatiu^ F. and G. Turtle Mountain. August 11, '73, in flower. 

Echinacea purpurea, Moench. Wood End, (open prairie.) July 8, '74, in flower. 

Engenm Canadetue, L. Lake of the Woods. July 22, '73, in flower. var. 
putiUumj Nutt. August 1, '73, in flower. 

Erigeron »trigomm^ L. Lake of the Woods. July 22, '73. Turtle Mountain 
August 2, '»3, both in flower. Sweet Grass Hills, July 24, '74, in flower. 

Erifferon fflabellum, Jifnit. Dufferin. June 14, '73. Turtle Mountain. August 1, 
'73. Near Short Cr, June 10, '74. South Fork Belly River, August '74. All 
in flower. Abundant across the whole prairie region and assnmiug maay 
varietal forms. 

Erigertm pumilum, Nutt. Wood End, (oi)en prairie,) June 27, '74, in flower. 

Erigeron eompotitum, Pursh. Rocky Mountains, (7,000 feet,) August 18, '74, in 
flower. Variety with ciliate i>eti(>leB, but glabrous Itjaves. 

Erigeron alpinum^ L. Rocky Mountains, (7,000 feet,) August 18, '73, in flower. 
Much reduced forms. 

Eupatorium per/oliatumj L. Lake of the Woods, July 3, '73, in flower. 

Eupaiorium purpureum^ L. Turtle Mountain, (marsh) Aug. 3, '73, in flower. 

Oaillardia pinnaitfidoj Torr. Red River prairie, June 27, '73. Pembina Moun- 
tain, July 4, '74. South of Wood Mountain, June 27, '74. All in flower. 

Cfrindelia 9quarrosa, Dunal. First Crossing Souris River, Aug. 7, '73. West 
Butte, Aug. 2, '74. Second Brauch of Milk River, Sept. 1, '74. All in 
flower. 

Onaphalium polffeephalunij Mx. Lake of the Woods, July '73, in flower. 

Heitnium aiUumnaiej L. Second Crossing Souris River, Aug. 11, '73; Sept. 20, 
'74 ; both in flower. 

MeUqpnt teabroj Dun. Red River prairie, June 21, '73, first bloasoms. Turtle 
Mountain (thicket), Aug. 2, '73, in flower. 

IleiimUhua rigidus^ Duf. Rising ground east of Red River valley, Aug. 23, '73. 
Turtle Mountain (open prairie), July 26, '73. Second brauch Milk River, 
Aug. 6, '74. All in flower. 

Helianikus giganteus, L. Dufferin, Sept. 1, '73, in flower. Coming up in great* 
abundance where new prairie land ploughed, probably from seed stored by 
the gophers in their imderground burrows. 

ffieraeium CanadenMe, Mx. Lake of the Wuods, July 25, '73. TurUe Mountain, 
Aug. 2, '73. South Fork Belly River, Aug. 15, '74. Foot hills Rocky Moun- 
tains, Aug. 26, '74. All in flower. 

Ilieracium (ritte j Willd. Rocky Mountains, Aug. 16, '74, in flower. 
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HUracium alb^hrum^ Hook. Rocky Mountains (6,000 feet), Aug. 16, '74, in 
flower. 

Hieraeium venotum, L. B«d River prairie, June 20, '73. Wood Mountain, June 
23, '74. 

Hymenopappus luteuty Nutt. Wliite Mud River (dry bank), June 3, '74, in flower. 

Jf>a axillariaj Pursh. Near Short Creek (open prairie), Juno 10, '74. Not ob- 
served further east than this locality, but abundant westward, growing 
generally on hard, dry clay soil, wbich hau been flooded in spring. 

Laetuca elong<U(ty Muhl. Lake of the Woods, July 28, '73, with ripe seed. 

Lepachyt eolumnari»^ T. k G. First Crossing* Souris, July 30, '73, in flower. 
Wood End, (open prairie), July 7, '74, first blossoms. White Mud River, 
July 11, '74, first blossoms. 

Lynotyri» Howardii^ Parry. Second Brauch Milk River (dry clay bank), Sept. 1, 
'74, in flower. Tufted from a stout low woody. 

Lynotyru yraveoleru^ T. k G. Between Lake of Woods and 350 Mile Point, 1873, 
(label of specimen lost.) 

Liatris seariosa^ L. Turtle Mountain, July 30, '73, in flower. Abundant on the 
first and second prairie steppes. 

Liatris punctata^ Hook. Rising ground, east of Red River, August 26, '73, in 
flower. Turtle Mountain, (open prairie,) August 5, '73, in flower. Abundant 
in patches of prairie, east of the Red River ; and also west of the Red River 
over the second prairie stepiie. 

Lygodeamia juncea^ Don. Turtle Mountain, (open prairie). August 23, '73, in 
flower. Observed nearly to the edge of the second prairie steppe, but very 
rare east of Turtle Mountain. Abundant westward on dry plains both north 
and south of the watershed. 

MaehterafUhera caneseefu, Grey. South of Wood Mountain, (dry clay-bottomed 
vallies, sub-sallne soil). Variety 6 to 8 inches high, with entire leaves. 

Maerorrhyncu9 troxamoidei, F. and G. Dufferin, June 10, '73, in flower. 

Macrorrhynciu ylaueuSj Torr. Red River Prairie, June 7, 20, '73, (open prairie 
near Souris River, September, '73. Near Turtle Mountain, (open prairie) 
^June 2, '74, all in flower. I cannot separate thisform satisfactorily from the 
last, which is much less abundant. Specimens from the Red River Valley 
have leaves 10 inches or more long ; scapes 12 to 14 inches. In speciihens 
from the second prairie steppe, the leaves are shorter in proportion to the 
scape, and have assumed a thicker and more rigid character. 

Macrorrhyneut, Sp. I. Rocky Mountains, (6,000 feet), August 16, '74, in flower. 

Maerorrhyneus, Sp. II. Kootanie Pass, August 16, '74, in flower. 

Mulyedium aeuminaium, D. C. Lake of the Woods, July 30, '73. Turtle Moun- 
tain, July 26, '73. White Mud River, July 4, '74. All in flower. 

Mulgedium Uueophcum^ D. C. Lake of the Woods, July 31, '73, with ripe seed. 

Nabalu9 BooUiif D. C. Var. South Fork Belly River, Aug. 13, '74, in flower. 
Growing in thickets and much taller than usual. Proper scales of involucre 
about 12. Head about 12 — flowered. Leaves below triangulär, tapering 
abruptly to a broad-margined petiole. 

Nababu albusj Hook. High land east of Red' River prairie, Aug. 24, '73, in flower. 

Nahalwij Sp. I. Kootanie Pass, Aug. 15, '74, in flower. 

Nardoimia $ayiUafay Pursh. Dufferin (low damp thicket). In füll bloom in the 
first week of May, '74. Seed nearly rii>e, June 4, '73. Flower with an 
odour like that of Cratmgus, white, tinged with purple. 

Pieradenia (Aetinella) Riekardtoni, Hook. Traders' Road (dry hüls) June 18, '74. 
White Mud River, July 4, '74. Both in flower. 
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Rudbeckia faeiniatOj L. RoHeaa River, Aug. 22, '73. Turtle Mountain (thicket) 
July 23, '73. Both in flower. 

Rudbeckia fulffida, Alt. Dufferiu, June 30, '73, in flower. 

Seneeio luperUj Rieh. Var. Parryi, Watson. Prairie near Turtle Mountain, 
June 2, '74, in flower. 

Seneeio retedifoUut^ LeHsing. RocIljt Mountains, (6,500 feet), August 18, '74, in 
flower. 

Seneeio Fremontii^ T. and G. Rocky Mountains, (6,500 feet), August 18, '74, in 
flower. 

Seneeio triangtUari»^ Hook. Rocky Mountains. Border of Mountain stream, (6,000 
feet), August 17, '74, in flower. 

Seneeio eanu«, Hook. Wliitc Mud River, (dry bank,) July 4, '74, in flower. 

Seneeio aureus^ Jj. Dufferin, (open prairie,) June 13, '73. South Fork Bclly R. 
August 26, '74. Kootanie Pass, Aug. 14, '74, all in flower. Common erery- 
where in many varictal fonus. 

Solidago laneeolata, Ait. hake of the Woods, August 18, '73, in flower. 

Solidago (enu\folia, Pursh. Turtle Mountain, (open prairie,) August 23, *73. Wood 
Mountain, (shore of saline lake,) July 20, '74. First brauch Milk River, 
August 5, '74, all in flower. Represents Solidago laneeoUtta on the dry open 
plains. Sterns often many together from a Woody caudex ; rarely attaining 
a height greater than 8 inches. S. ienui/olia var. B. Hook. 

Solidago rigidoy L. Turtle Mountain, (open prairie,) August 11, '73. Fork Milk 
R., September 11, '74, both in flower. 

Solidago virga-^urea^ L. Turtle Mountain, Aug. 21, '74, in flower. 

Solidago virga'-aurea^ L. var. Alpina Bigel. Rocky Mountains, (7,000 feet,) Aug. 
18, '74, in flower. 

Solidago Canadenti»^ L. Turtle Mountain, August 5, '73. Near E. Fork Milk R., 
September 11, '74. First Branch Milk R., August 6, '74, all in flower. 

Solidago terotina^ Ait. Lake of the Woods, July 30, '73, in flower. 

Solidago giganiea, Ait. Three Buttes, July 28, '74. Near Second Brauch Milk 
River, Sept. 1 , '74. Botli in flower. 

Solidago MinourienH»^ Nutt. Turtle Mountain (open prairie), July 23, '73, in 
flower. 

Solidago stricta, Foot Hills of Rocky Mountains, Aug. 26, '74, in flower. 

Solidago nemoralis, Ait. Wood End (open prairie), July 14, '74, not yet in 
flower. Three Buttes, July 25, '74, in flower. 

Stephanomeria minor^ Nutt. Var. South of Wood Mountain (dry clay bank), 
June 29, '74, in flower. Heads 5 flowered. Ligulate flowers pink-pnrple. 
Pappus of about 23 plumose setsB. 

Taraxacttm dent-leonie^ Duf. Duflferin, June 6, '73, in flower. 

Xanthium strumarium^ L. Lake of the Woods, Aug. 10, '73, in flower. 

Xanihium echinatum^ Murr. Banks of the Red River. Abundant. 

L0BILIAC&«. 

Lohelia Kalmii, L. Height of land muskeg betwaen Lake of Woods and Red 
River, Aug. 23, '73, in flower. 

Lobelia spieata^ Lam. Turtle Mountain (low, open prairie). July 26, '73, in 
flower. 

CAMPANVLACSJi. 

Campanula rotundifoUa^ L. Red River prairie, June 18, '73, in flower. Abundant 

Campantäa aparinoidet, Pursh. Winnepeg and N. W. Angle Road, July 4, '73. 
Lake of the Woods (grassy swamp), July 21, '73. Both In flower. 
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IRICACXiB. 

Andromeda poU/olia^ L. Lake of the Woods (submerged bog>. Height of land 
miiskeg between Lake of Woods and Red River, Aug. 22, "73, in flower. 

Aretotlaphylos uvia-^irti, Spring. I^ake of the Woods, July 22, '73, berry ripe. 
Pembina Mountain, May 23, '74, in flower. Short Creek (dry banks) June 
10, '74, in flower. 

Ctutandra ealyculata^ L. Lake of the Woods (submerged bog,) Aug. 12, '73, past 
flowering. 

GauUheria procumbeuSf L. Lake of the Woods. 

Ledum lattfoHum, Ait. Winnipeg and N. W. Angle Road, July 6, '73, past 
flowering. 

Meniiesia glanduliflora, Hook. Rocky Mountains (7,000 feet), Aug. 18, '74, in 
flower. Growing in matted clumps in little meadows frequented by moun- 
tain sheep. 

Menzieiia Orahamii^ Hook. Rocky Mountains, Camp Akamina, (6,500 feet), Aug. 
18, '74, in flower. 

Monetet unißara, L. Winnipeg and K. W. Angle Road, July 5, '73, in flower. 
Thick wood. 

Pyrola ellipticay Nutt. Lake of the Woods, July 25, '73, in flower. Woods east 
of Red River Valley. Turtle Mountain ^thicket), July 27, '73, in flower. 

2*yrola tecundcy L. Lake of the Woods, July 9« '73, in flower. Winnipeg and N. 
W. Angle Road, July 4, '73, in flower. Kootanie Pass (thick woods), Aug. 
16, '74, in flower. 

Pyrola rotundifoHa^ L. Yar. incarnatOf Fisch. Near Wood Mountain ^woodcd 
ravine), July 7, in flower. 

Pyrola asarifolia^ Mx. Winnipeg and N. W. Angle Road, July 4, '73. 

Vaccinium myrtilloidet^ Mx. Kootanie Pass (hill sides), Aug. 16, '74, with ripe 
fruit. Leaves do not show any pubescence. 

^ MONOTROPKJt. 

M<motropa uniflora^ L. Lake of the Woods (thick wood}, Aug. 1, '73, in flower. 

PLANTAGIMAC&S. 

PlarUago Majoty L. Red River. 

Plantago eriopoda^ Torr. Near Badger Creek (dry, open prairic), May 30, '74, in 
flower. 

Plantago Patagoniea. Var. gnaphaloidet^ Gray. Near Wood Mountain (dry hill 
sides}, June 30, '74. This plant was first met with at the place above men- 
tioned, but occurred in grcat abundance westward to beyond the Three 
Buttes, growing among the short grass of the dry plalns. Large specimens 
measure 4 inches. The forty-ninth parallel is probably not it« north^m 
limit in the westem interior region. Known in Texas, California, and 
Western Wisconsin (Watson). Also common on the harren plains of the 
Columbia (Douglas), which Hooker believes to be about it« northem limit 
on tl^e West coast. 

Plantago Biglorü, Gray. Traders' Road (dried swamp, clayey soll), June 14, '74, 
with ripe seed, 1} inches high. Known from Benica, California (Biglow), 
and in Salt Lake Valley, Utah (Watson). 

Plantago, Sp. I. eriojtoda^ smooth var. 

Plantago, Sp. II. eriopoda f 

PRIMCLACKi«. 

AttdroMce oceidentalut, Pursh. Foot Pembina Mountain (open prairie), May 22, 
'74, in flower ; not exceeding 2 inches. 
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* 
Androtace feplentrionalif, L. Winnipcg and N. W. Angle Road, July 3, '73, 
pa8t flowering. Near Badger tJreek (prairie), May 18, '74. Pnärie near 
Turtle Mountain, June 1, 74. Both in flower. 

Dodeeanthe^n integiifolium^ Mx. Near Turtle Mountain (open prairie), June 1, '74. 
N. Antlcr Creek (opcn prairie), June 6, '74. Both in flower. Also westward 
to the Rocky MountainR. 

• 

Ola^ix marüvMj L. Red River prairie, damp place« in marahes, June 5, 20, '73, 
in flower. Near Wood Mountain (borders of Htreanis), June 30, '74, in 
flower 

Lynmachia cüiata^ L. Red River prairie, June 28 and July 2, '73, in flower. 
Turtle Mountain, July 15, in flower. Also Lake of the Woods. 

Naumhergiathyr^ifoliay^KBXich. Red River prairie (marsh), June 19, '73. Lake 
of the Woodu, July. Both in flower. 

TrierUalis Amerieana, Pursh. Lake of the Woods, July 12, '73, past flowering. 

LKNTIBULACi«. 

ütrieularia vtdgarii^ L. Lake of the Woods, July 8, '73. Swamp west of the 
White Mud River, July 12, '74. Both in flower. 

OROBANCHACIA. 

Orohanehe^ 8p. I. Wood End (open prairie), June 30, '74, in flower. 

SOROPHÜLARUCK«. 

CattilUia coccinea^ Spring. Yellow variety. Rising ground east'Of Red River, 
June 20, '73, in flower. Red variety on Rainy River. Lake of the Woods. 

CastilUia tessili/hraf Ph. First crossing Souris River, (dry hill sides) June 3, '74, 
in flower. 

Caatilleia pallida, Kunth. Red and white var. Foot-hills of Rocky Mountains, 
August 8, '74, in flower, abundant. Also found in the mountains between 
6,000 and 7,000 feet. 

Chelone glabra^ L. Lake of the Woods, (swamp), July 31, '73, in flower. 

Oerardia purpureoj L. Lake of the Woods, August 18, '73, in flower. 

OratioUt Virginiana^ L. Red River (open swamp), July 28, '73, still in flower. 

Qratiola Virginiatut^ var. Dnfferin. June 12, '73, in flower. 

Mimulut ringmt^ L. South Antler Creek, July 31, '73, in flower. 

Mimulua Leicisii^ Pursh. Kootanie Pass (border of stream), August 16, '74, in 
flower. Observed growing in mossy places bordering streams, to 6,000 feet 
in the mountains, but no where very abundant. The recent plant has a 
musky odou^. 

Mimultt» luievs, L. West Butte (border of stream), July 29, '74, in flower. Also 
observed near Second Branch Milk River, growing in the water of a spring 
at 46° F. 

Melampyrum Amerieanum, Mx. Lake of the Woods, July^ 8, '73, in flower. 

Pediatlaris Canadetmf, L. Rising groufid east of Red River Prairie, June 19, '73, 
in flower. 

Pedicularit hraeteoM, Bcnth. South Fork Belly River (dense wood), August 13, 
'74, in flower. . 

Pedirularis Sp. I. Rocky Mountains, (1,500 feet) August 18, '74, in flower. 

Penlxtemon puhfxeem, Soland. Lake of the Woods, July 22, '73, in flower; nwe. 
Rising ground, east of Red River Prairie, June 20, '73, in flower. Near 
Wood Mountain, (open prairie) June 29, '74, in flower. 

Pe.nt*temon glaucuH^ Grab. Souris River, June 8, '74, in flower. 
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PenUtetnon MeiuUieü^ Hook. Rocky MountniiiR, (6,000 feet) August 16, '74, in 
flower. Fonnd abundantly in one locallty, growlng among broken stone, 
on an exposed ridge. 

PenUtemon eofiferiut, Dougl. Kootanic Pain., August 16, '74, in flower 

PerUtiemon procertUy Dougl. Traders' Road, June 14, '74, in flower. P. con/eriut 
var., ettruleo-purpureus, Orey, but apparently quite distinct from that species. 

PenUUnum aettminattUj Dougl. Near Short Creek, (dry banks) June 10, '74, in 
flower. A varicty with lower caulinc leaves, broad-, obcordate at the extrem - 
ity, with a minute tooth betwecn the lobes. Upper cauline leaves amplex- 
icaul, cordate, obtuse, with a minute accumination. Flowers 8 lines, bright 
blue. 

PenUtemon dasyphylluty Sp. I. Kootanie Pass, August 16, '74, last blossoms. 

Rhinanthu Crinta-gallL Foot Hills of Rocky Mountains, August 26, *74, still in 
flower. Also on the wcstem side of the watershed in the Kootanie Pass. 

Veroniea 4mericanaj Schwein. Near Wood Mountain (swamp), July 4, '74, in 
flower. 

Veroniea Alpina, L. Rocky Mountains (6,500 feet), August 18, '74, in flower. 

Veroniea peregrina^Xj. Red River (open swamp), June 28, '73, with ripe seed. 
Near Short Creek (open prairie swanip), June 10, '74 in flower. 

VIBBENACKJC. 

Verhena hastaia^ L. Lake of the Woods, July 25, '73, in flower. 

LABIATiie. 

Brunella wlgaria^ L. South Fork Belly River, August 25, '74, in flower. Water- 
ton Lake, August 14, '74, in flower. 

Oaleopiii teirahU^ L. Turtle Mountain (thicketi, July 25, '73, in flower. 

Lyeopus nnuattu^ Benth. Lake of the Woods, July 18, '73. 

I/yeopvf Virffinieuty L. Lake of the Woods, July 8, August 7, '73 in flower. 
West Butte, Aug. 2, '74. 

Jjophtnthu» anieatutj Benth. Winnipeg and N. W. Angle Road, July 3, '73. Lake 
of the Woods, July 18, '73. Turtle Mountain, July 15, '73. AU in flower. 

Mentha Canadensis^ L. Turtle Mountain, July 25, '73, in flower. 

Monarda ßatuloga^ L. Turtle Mountain (open prairie), July 19, '73, in flower. 
West Butte, July 26, '74, in flower. 

PhyaotUgia Virginiana^ Benth. Turtle Mountain (swampy gladcs), August 11, 
'73, in flower. 

Staehtf» palustrity L. Turtle Mountain, July 15, '73. Near Wood Mountain, July 
7, '74. Both in flower. 

Staehj/t asperoj Mx. Winnipeg and N. W. Angle Road, July 2, '73, in flower. Duf- 
ferin, September 3, '73, still in flower. 

Scuteüaria gaiericulata^ L. Winnipeg and N. W. Angle Road, July 3, '73, in 
flower. 

BORBAOIMACXJII. 

Eritriehum gUmeratum^ D. C. Hill of the Murdered Scout, and westward, on dry, 
open prairie, June 9, '74, in flower. 

Eritriehum^ Sp. I. Near Short Creek (open prairie), June 10, '74, in flower. 

Eehinoepermum Horihtmdnm^ Lehm. Red River, June 29, '73, in flower. Turtle 
Mountain (thicket), July 15, '73, still in flower. Wood Mountain (thicket), 
June 24, '74, in flower. 

Eehinospermum Lappula^ Lehm. Ri-d River |oj>en prairie), June 28, July 3, '73, in 
flower. Abundant. Wood End, June 11, '74, in flower. 

24 D 
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Echinospermum patulum^ Lehm. Red River (open prairie), Jnnc 28, July 3, 73, 
still in flower. Abuiidant. Wood End, June 11, '74, in flower. 

4 

Lithospermum canescetif, Lehm. Rt d River (open prairie), June 3, '73, in flower ; 
June 21, '73, still in flower. Pembina Mountain, May 27, '74, first bloaeoms. 
Abundant. 

Lühotpermum longifiorum, Spring. Souris Valley, June 3, '73, in flower. Not 
abundant. 

Mertenaia paniculata^ Don. North Antler Creek, June 6, '74, in flower. Abundant. 

Myowtit alpeitrit, Schmidt. Rocky Mountains (7,000), August 18, '74, in flower. 

Onatmodium Virginicum^ Alph, D. C. Turtle Mountain (thicket), July 23, '73, in 
flower. 

POLBMONIACKjB. 

ÖiYiö minima^ Gr. Near Wood Mountain, July 5, '74, in flower. 
Phlx canescens, T. J. G. Long River (open prairie), May 29, '^4, almost past 
flowering. 

Phlxpilosa^ R. Red River prairie, June 29, '73. Traders' Road, June 21, '74, 
both in flower. 

CONVOLVÜLACK^. 

CalyiUgia tepium^ Br. Lake of the Wood», July 8, '73. Turtle Mountain, 
July 13, '75. Traders' Road, July 1 8, '74. Near Wood Mountain, June 30, '74, 
all in flower. On the third prairie steppe it only appears along the borders 
of streams in sheltered positions. 

CalyHegia tpithatnKU»^ Pursh. Red River prairie. Bare. 

Cutcuta Oronoviif Willd. Roseau River, August 25, '73, seed formed. 

SOLANAO&A. 

Phgaalia vitcosa^ L. Winnipeg and N. W. Angle Road, July 4, '73, in flower. 

Solanum tr{florum^ Nutt. var. B. Minor^ Hook. South of Wood Mountain, July 
2, '74, in flower. Not uncommon over a great part cf the scoond and third 
prairie steppes. Growing almost always in disturbed earth near the 
burrows of badgers and gophurs. (As noted also by Drummond, Fl. Br. Am., 
p. 90.) 

Solanum triflorum^ var. First crossing Souris River (low ground), June 3, '74, in 
flower. Sterns smooth ; petioles of the leaves ciliate ; the leaves them- 
selves Rparingly hairy on the veins below. Above with close, short pubes- 
cence ; Calyx foliaceous, lobes oblong aditc, cxcecding the petals, which are 
lavender or pale purple. 

GENTIANACBA. 

Gentiana crinita^ Froelich. Roseau River, August 26, '73 ; (banks of stream), in 
flower. 

' Oentiana dentoaa, L. South Fork Belly River, (low ground and thicket), August 
15, '74, in flower. 

Gentiana Andrewsii^ Griseb. Dufferin, September 1, '73, in flower. 

Gentiana puherula^ Mx. Prairie .west of Red River, September, '73, in flower. 

Gentiana Memiesii, Griseb. Rocky Mountains. Camp Akamina, (6,000 feet), 
AuRUst 18, '74, in flower. 

Gentiana acuta, Mx. Turtle Mountain, lopon prainV), Aufcust 12, *73, in flower. 
Near White Mud Rivor, (open prairiei, July 11, '74, in flower. South Kork 
Belly River, AngUHt lis, '74, in flower. Kootanie Pass, August 14, *I4, in 
^ower. 
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Otntiana^ Sp. I. Near White Mud River, (valley), September 15, '74. Also prob- 
ably the same upecies west Souris, (open prairiu), not common, August 11, 
'73, in flower, and in the same vicinity still flowering first week September. 

GentianOf Sp. II. South Fork Belly River, (thicket), August 15, '74, in flower. 

ffiUonia deflexa^ Griseb. Lake of the Woods, July 21, '73, in flower. 

APOCTNACCJi. 

Apocffnum androsttm^folium^ L. Du£fcrin (thicket), June 29, '73, in flower. 

Äpoeynum eannabinumj L. var. glaberrinum^ D. C. Near Wood Mountain (border 
of stream), July 2, '74, in flower. 

▲8CLSP1A0ACB/B. 

ÄicUpiaa tncamatOy L. Lake of the Woods, July 18, '73, in flower. 

Asclepias variegata^ L. var. minor, Hook. Red River (open pralrie), June 20, '73, in 
flower. 

Asclepiat ovalifolia, D. C. Pembina Mountain (open prairie), July 4, '73, in flower. 

Atclepias viridifioray Ell. Wood £nd, July 1, '74, in flower. 

AMcUpiofi apecieua, Torr. Near Wood Mountain (border of stream), July 5, '74, in 
flower. 

ARISTOLOCHIACKAE. 

Atarum canadenu, L. Pembina Mountain (thicket), May 22, '74, in flower. 

RYCTAGINACKiB. 

Oxyhaphu» nyctagineut, Sweet. Lake of the Woods (sandy ridges of southern 
sliore), July 11, '73, in flower, but with ripe seed. Wood End, June 30, '74, 
in flower. 

CHENOPODIACX^. 

Blüum capitatum, L. Winnipeg and N. W. Angle Road, July 4^ '72, in 
flower. 

BHtum lonui Jlenrieu», Reichenb. Lake of the Woods, August 3, *73, with ripe 
seid. 

Chenoffodium albwn, L. Lake of the Woods, August 3, '73, in flower. Lake of the 
Woods, mouth of Reed River. Lake of the Woods, August 6, '73, in flower. 
Milk River, (dry clay flat.) Near Wood Mountain, June 30, '74, in flower. 
Wood End, July 14, '74, first blossoms. South of Wood Mountain (clay 
bottomed valley) June 27, '74, in flower. White Mud River, clayey, sub- 
saline soll, July 11, '74, not yet in flower. 345 mile Point, and growing 
abundantly in saline soll, from the Souris River westward. Second branch 
Milk River, (dry clay bank) September 1, '74, with ripe seed. Border of 
Saline Lake. Near Wood Mountain, bank of saline pool. South of Wood 
Mountain, (clay bottomed valley) June 27, '74, in flower. South of Wood 

^ Mountain, (open prairie) June 30, '74, with ripe seed. 

Sareobatut vermieulatus, Torr. Porcupine Creek and westward, but not to the 
Rocky Mountains. Near Wood Mountain, June 27, '74, in flower. Grows 
in dry, clay-bottomed Valleys, with saline soll, and is probably near its 
northern limit on Lat. 49°. Isthe "greasewood" ofwestern ;)ar/anw, though 
I believe Obione eaneseem is also sometimes so called. 

Salicomia herbaeea^ L. Fringing saline pools and lakes wherever they occur, 
but specially abundant in the broken country of the Missouri Coteau. 

AMARANTACSj«. 

Amarantus retrofiexu», L. Lake of the Woods, August 2, '73, with ripe seed.^ 

PARONYGHIBiB. 

Paronychia »emliflora^ Nutt. White Mud River (dry Inink), July ♦, T4, in 
flower. 360 Mile Point, September, '73, past flowering. 
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POLTGOKACIJt. 

Eriogonum erauifoHum^ Benth. Wood End, (gravelly hill), June 24, '74, in flower. 

Frioffonum^ 8p. II. Tradar'n Boad, (dry rocky hill), June 17, '74, fint blossoms. 

Eriogonum, 8p. III. South of Wood Mountain, (dry, clay-bottomed Valley), June 
27, '74, in flower. 

Eriogonum, 8p. IV. Oreat Valley, (dry clay banks), September, '73, in flower. 

Eriogonum, 8p. V. Rocky Mountains, (6,000 feet), August 16, '74, in flower. 

Ozyra (Uggna, Campd. Rocky Mountains, (6,600 feet), Aug. 18, '74, past flowering. 

Polggonvm amphibium, L. var. terre»tre, Lake of the Woods, July 21, '73, in 
flower. Traders' Road, July 16, '74, in flower. Var. aquaiieum, Winnipeg 
and N. W. Angle Rd., July 6, '73, in flower. 

Polygonum hydropiperoidet, Mx. Lake of the Woods, July 10, '73, in flower. 

Polygonum Penntyhanicum, L. Lake of the Woods, July 8, '73, in flower. 

Polygonum dumetorum, L. Winnipeg and N. W. Angle Road, July 3, '73. Turtle 
Mountain, July 26, both in flower. 

Polygonum eüinode, Mx. Winnipeg and N.W. Angle Rd., July 6, '13, with ripe 
sced. 

Polygonum tenue, Mx. Lake of the Woodi», July 23, '73, in flower. Foot Hills of 
the Rocky Mountains, (damp meadow) August 7, '"4, in flower. 

Polygonum aviculare, L. Near Wood Mountain, (clay bank) July 2, '74, in flower. 

Polygonum aviculare, L., var. erectum, Roth. West Butte, (coul^) July 25, '74, in 
flower. 

Jiumex •nliei/oliu$, Weinm. Red River, June 28, '73, in flower. South of Wood 
Mountain, June 27, '74, seed formcd. 

Rumex venotut, Pursh. South of Wood Mountrain, (bank of stream) June 27, '74, 
with ripe seed. 

Bumex, Sp. I. Rocky Mountains, (6,600 feet) August 18, '74. 

KLAAOMAOXAC. 

ElxagnuM argenteo, Pursh. Duff^iTin, June 13, '73, in flower. Second crossing 
Suuris River, June 8, '74, in flower. South Fork Bclly River, August 15, 
berry fully fonned. Extcnds on the forty-ninth parallel, from the extreme 
eastcrn c-dge of the prairie to the liasc of the Rocky Mountains It is not 
common on the Red River Prairie, but frequent on the higher levei prairie 
to the east, and abundant westward, especially on the second prairie level, 
forming scatteredclumpSj where no (>thor slirubs arc seen. The plant on 
the plains rarely attains a height of uver two to threc feet, but near the 
mountains is a large bush, extremely fragrant. 

Sheftherdia argentea, Nutt. White Mud River, July 4, '74, berries half grown. 
Not observed east of Wood Mountain. 

Shepherdia Canadensif, Nutt. Kootanie Pass. Auguist 14, '74, berries ripe. 

BAKTALACKJI. 

Comandra umbellata, Nutt. Duflerin (open prairie), June 6, '73, in flower. Abun- 
dant Qarry and N. W. Angle Road, July 3, '73, past flowering. 

Comandra pallida, D. C. Prairie near Turtle Mountain, June 1, '74, first blos- 
soms. The first species seems to pass into this form westward. 

XDPHORBIACX«. 

Euphorbia glyptosperma, Engim. South of Wood Mountain (dry clay bank), July 
2, '74, in flower. 
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DRTIOACIA. 

Humülua lupuluSy L. Lake of the Woods. Dufferin. Turtle Mountain, July 5, 
'73, in flower. 

Lap&rUa CanadentUy Gtaudich. Boseau Biver (woods). 

Ulmui Amerieana, L. Dufferin, May 8, '74, in flower. 

Urtica ffraeiliSf Ali. Turtle Mountain, July 15, '73, in flower. Wood Mountain 
(thicket), June 23, '74, in flower. 

CJJFXJhlFERM, 

Carylut Americana, Walt. Dufferin, May 8, '74, in flower. 

Quereua maerocarpa^ Mx. Var. Turtle Mountain, June 1, '74, in flower. This is 
the common oak in the Red Biver country, and attains a good sise along the 
Btreams and in aheltered localities. The fruit, however, U much smaller 
than typical tnacroearpa. Acom 9 lines long by 6 linee broad ; cup 7 to 8 
lines broad, 5 lines deep. This is probably the species which Bourgeau re- 
ferred to Q. obttmloha^ Mx. (Palliser Expl. B. N. Am.,) but which Gray, in an 
appendix to the report, calls Q. maeroearpa. 

B4U0ACIJB. 

Pcpultu tremtdoidet, Mx Dufferin, May 8, '74, in flower. The most abundant 

poplar in the eaatem prairie region, attalning along the Red Biver generally 

a height of 30 to 40 feet. 
Populu» monüifera^ Alt. South Fork Belly Biver and St. Mary Biver, attaln- 

ing a large siae. 
Pojmlus baUami/era, L. var. candieant, Ait. Milk Biver, growing along the 

border of the stream. 
Salix nigra, Marshall. Dufferin, June 10, '73, past flowering. Second crossing 

Souris Biver, June 8, '74, in flower. Turtle Mountain. 

Salix, Sp. II Dufferin, June 6, '73, in flower. 
SaUx, Sp. III. Dufferin, June 4, '74, past flowering. 
Salix, Sp IV. Dufferin, Blay 8, '74, in flower. 
Salix, Sp. V. Dufferin, May 8, '74, in flower. 
Salix, Sp. VI. Dufferin, May 8, '74, in flower. 
. Salix, Sp VII. Dufferin, May 8, '74, in flower. 
Salix, Sp. VIII. Dufferin, May 8, '74, in flower. 
Salix, Sp. IX. Dufferin, May 8, '74, in flower. 
Salix, Sp. X Dufferin, May 8, '74, in flower. 
Salix, Sp. XI. Bocky Mountains (6,500 feet), August 18, '74, with ripe seed. 

CONiriRJC. 

Abiet DougloMi, Lind. Bocky Mountains, near Waterton Lake, east slope, not 
attaining a large size. 

Abies EngUmani, a tree of large growth probably this species, forming dense 
groves in retired vallies ata height of 6,000 to 7,000 feet in the Bocky Moun- 
tains. 

Abiei Alba, Michx. Lake of the Woods. 

Abiet nigra, Pour. Lake of the Woodj. 

Abiti baliamea, Marshall. Lake of the Woods. 

Larve Amerieana, Michx. Lake of the Woods. 

Pinut Bankiiana, Lambert. Winnipeg and N. W. Angle Road and Lake of the 
Woods. • 
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Pinii* ResinosOf Ait. Lake of the Woods. 

Thuja occidentalitf L. Lake of the Woods, Roseaa River, Ac. 

Juniperua Virffinianaj L rar. procumbetUj Hook. Lake of the Woods. 

Pinus contortOf Dougl. var. latifolia, Eng. Kootanie Pass Veiy abnndant. 

▲RACKJt« 

Aeoru» Calamus, L. Lake of the Woods. 

Arisfpma triphyllum^ Torr. Dufferin, July 6, '73, in flower. 

Calla palustrit, L. Winnipeg and N. W. Angle Road, July 6, '73, in flower. 

TTPHACIA. 

Sparganium turycarpum, Eng. Lake of the Woods, August 5, '73, in fruit. 
Sparganium natan*y L. Lake of the Woods, August 1, '73, in flower. 
Tgpha latifoUa^ L. Lake of the Woods. 

LIVNACUB. 

Lemna tritulea^ L. 8mall lakes. Red River prairie. Lake of the Woods. 
Ijemna minore L. Common in the same localities. 

NAIADAO&B. 

Potamogetan putillutf L. Lake of the Woods, July 8, '73, in flower. 
Potamogeton ruUant^ L. Lake of the Woods, August 1, '73, in flower. 
Potamogeton perfoliatuM^ L. Lake of the Woods, July 8, '73, in flower. 

AUSMAOKJi. 

Alitma platäago^ L. Winnipeg and N. W. Angle Road, July 4, '73. Ihirtle 
Mountain, July 25, '73, both in flower. 

Sagittaria varialnlU, Eng. Lake of the Woods, July 30, '73. 8. Antler Creek, 
July 31, '73. Wood End, July 13, '74. All in flower. 

Triglochin maritimutn^ L. Near Wood Mountain, border of saline pool, July 9, 
'74, in flower. 

Triglochin paluttre^ L. Var. elatum^ Nutt Winnipeg and N. W. Angle Road. 

OROHmACUB. 

Calcpogon pulchellut^ Brown. Winnipeg and N. W. Angle Road, July 5, '73, In 
flower. 

Cgpripedium pubeseenSj L. Dufierin, June 13, '73, in flower. 

Piatanthera hyperborta, Lindl. Lake of the Woods, thickct, July 8, '73, in flower. 

Piatanthera psycodea^ Gray. Lake of tlie Woods (grassy swamps), July 20, '73, in 
flower. 

Piatanthera braeteata^ Torr. Eastern border of Red River prairie, June 20, '73, in 
flower. Pembina Mountain, May 27, '74, flrst blossoms. 

Spiranthes cemua, Richard. Lake of the Woods, July 20, '73, in flower. 

AMARTLLIOACES. 

ITypoxit creeta^ L. Dufferin (damp meadow), June 13, '73, flrst flowers. North 
Antler Creek (open prairie), June 6, '74, flrst flowers. 

miDAOBi«. 

/rtf verncolor^ L. Winnipeg and N. W. Angle Road, July 3, '73, in flower. 

Sisyrinehium mueronatum, Mx. Red River prairie, June '73. First crosaing Souris 
ßiver, June 3, '74^ in flower, 
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LILIACliE. 

AUium cemuumj Roth. Lake of the Woods, July 6, '13, in flower. West ButtC| 
July 26, ':4, in flower. 

AUium retieulatum, Frazer. Near Badger Creek, (dry liill sides), May 30, '74, in 
flower. 

Aütutn, Sp. I. South Fork Belly River, August 13, "74, in flower 

Lüium Philadelphieum^ L Red River, June 21, "73, in flower. Abundant. 

Lüiutn Phladelphieum, L. var. Near Turtle Mountain, (open prairie), July 15, 
'73, in flower. Probably an albino, pctals pale yeliow, not spotted ; more 
narrowly lanceolate, and with longcr claws. Rare. 

Polygonatum gigarUeum^ Dietrich. Duffürin, (thicket), June 22, '73, in flower. 

Smilacina steUaia^ Dcsf. Dufferin, (thicket), June 2, '73, in flower. Pembina 
Mountain, (thicket), May 27, '74, flrst blossoms. 

Smilacina bifolia, Ker. Dufi'erin, June 7, '73, in flower. 

MBLANTHACSA. 

Tofieldia glutinota, Willd. Rocky Mountains, (6,000 feet), August 17, '74, past 
flowering. 

Veratrum eUbum, var. EwholUii, Gray. Foot Hills Rocky Mountains, August 7, 
'74, still in flower. 

Xerophyllum tenax, Pursh. Rocky Mountains, (6,000 feet), still in flower. Abundant 
and past flowering at this date in the lower valliea. The leaves forming a 
coarse mattcd soll in some upland meadows. 

Zygadenui glaucus^ Nutt. Near Turtle Mountain, (open prairie), June 10, '73, in 
flower. 

KQUISXTACSil. 

Equiieium arvense, L. Dufferin, June 10, '73. Late spccimens springing up on 
banks emerging from flood. 

Equitetum limotum^ L. Lake of the Woods. 

EqutHtum Imvigatum, Brown. Red River. 

Equitetum hgemaUj L. Souris River. 

riLICBB. 

Atpidium Lonehiti», Swarta. Rocky Mountains (6,500 feet), August 8, '74. 
Spores not ripe. 

Atpidium spinulotum, Willd. Lake of the Woods. 

Jiotryehium Virginieum^ L. Woods on Roseau River. 

Eotrtfchium lunarioidet^ Swartz. Lake of the Woods at mouth of Rainy River, 
July 19, '73, spores not ripe. 

Cyatopterit bulbi/era^ Bemh. Lake of the Woods. 

Cyttopteritfragilia, Bemh. Near Short Creek. Rocky Mountains (6,600 feet.) 

Ophioglouum wägatum, L. Lake of the Woods at mouth of Rainy River, July 19, 
'73, spores not ripe. 

OnocUa ieruibilii, L. Lake of the Woods, July 30, '73, spores not ripe. 

Polypodium Dryopterit, L. Winnipeg and N. W. Angle Road. 

Folypodium vulgare^ L. Lake of the Woods, July 6, '73, spores not ripe. 

Woodtia ilveruitj R. Br, Lake of the Woods. 
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LTCOPODIaCKJC. 



Lycopodium eomplanatum, L. Lake of the Woods. 

Lycopodium lueidiäum, Mx. Lake of thc Woods. 

Selagvulla rupettrU^ L. Lake of the Woods also westwaid, growing among 
stunted grass on exposed hilUides, on the third prairie steppe. 



Juncacecßf Cyperiice<B and Oramnecß, detemiined by Professor John Mncoun. 

Juncfu» alpimUf var. imigni*^ Fries. Lake of the Woods, (boggy shore) Qany and 
North-west Angle Road. 

Junceu» aeuminatutf Michx First branch Milk River, (river margin.) 

Junceut ziphioidfSy E. Mayer. Var montanutj Engl. South Fork Belly River. 

Junceua Baltkicun^ Willd. Dufferin and R^d River country gencrally, (damp, open 
prairie ) North Antlcr Creek and prairie generally, (damp ground.) 

Junceut Baühicu», var. motUanut^ Engl. Lake of the Woods. 

Juneeua Nodotu$^ L ? Garry and N. W. Angle Road. 

Junceu» Merleniianut, Boug. Rocky Mountains. Camp Akamina, 6|000 feet^ (wet 
ground) August 17, '74, in flower. Kootanie Pass, (border of stream) Aogost 
17, past flowering. 

Luzuta parvißoroj var. mclanoearpa, Desr. Rocky Mountains. Camp Akamina. 

CYPIRACliB. 

Carex aperta, Boott. North Antler Creek, (low ground), June 6, '74, in flower. 
Carez lanuginoMo, Michx. Duiferln, June 7, '73, in flower. 

Carex longirottrit^ Torr. Souris River, (Valley, damp ground), June 3, '74, pAst 
flowering. 

Carex riparia^ Curtis. Lake of the Woods, (sandy swamp), July 9, '73, past flowering. 

Carex polt/trichoides^ Muhl. Winnipeg and N W. Angle Road, (Uiick wood). 

Carex tcirpoidea^ Michx. Between Badger Creek and Turtle Mountain, (swamp ). 

Carex mpina^ Wahl . Red River, (open prairie swamp), June 19, '73, pMt owering. 

Carex afrata^ L. Rocky Mountains, Camp Akamina, (damp wood), August 17, '74, 
in flower. 

Carex fettiva^ Dewey. White Mud River, (open prairie swamp), July 10, '74, past 
flowering. 

Carex aurea^ Nutt. Lake of the Woods, (thicket), July 8, '73, seed nearly ripe. 
Rocky Mountains, Kootanie Pass, (border of stream). 

Carez ttraminea^ Wahl. Duflerin, (damp prairie), June 7, '73, flowering. Winnipeg 
and N. W. Angle Road, July 4, '73. Turtle Mountain, (low open prairie), 
July 26, '73. 

Carex Riehardtoni^ R. Br. Souris Valley. 

Carex alopecoideay Tucker. Turtle Mountain, (low, open prairie.) 

Carex pteudo-eyperut, L. Lake of the Woods, (marsh.) 

Carex lupulina f Muhl. Winnipeg to N. W. Angle Road. 

Carex riyida^ Good. Rocky Mountains^ (summits) August 17, '74, in flower. 
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Carex Dou^tami, Hook. Red Biver, (opcn prairie) May 20, '74, in flower; also, 
oiher specimens, probably belonging to this species, June 3 and 5, '73. This 
Is the first Carex io appear in flower, and occurs veiy abuudantly all over 
the prairie of the Red River. 

Carex marcida, Boott. Red River, (open prairie Bwamp) June 20, '73, past flow- 
ering ; oÜier specimenR, probably this species, in flower, June 3. 

Carex ampulacea. or atrieulata, Red River, (prairie) June 20, '73, in flower. Sim- 
ilar Carez^ immature, Souris Valley, June 3, '74. 

Carex ttrietaf Lam. Red River, June 28, '73, in flower, 

Carex roeea, Schk. Red River, (swamp.) 

Carex nceata^ Dew. 

Carex eUnophyUa^ Wahl. 

Elioeharie paluttrii, R. Er. Dafferin (damp, open prairie). Souris River (open 
prairie). 

Elioeharie acieularit^ R. Br. Red River (open prairie swamp). Lake of the 
Woods (boggy shore). 

Eriophorum UU\foUum. Between Badger Creek and Turtle Mountain (swamp), 
May 31, '74, in flower. 

Eriophorum polyttachyum^ L. Winnipeg and N. W. Angle Road. 

Seirput marüimu»^ L. Saline Lake, near Turtle Mountain, September, '73, in 
flower. 

Seirput eriophorum^ Michx. Winnipeg and N. W. Angle Road (swamp). Lake 
of the Woods (in water). 

Seirpui validue, Vahl. Winnipeg and N. W. Angle Road. Traders' Road. 

OBAMINliK. 

Agroetia eeabra^ Willd. Lake of the Woods. July, '73, immature. 

Aiopeeurut alpinue, Smith. Qarry and N. W. Angle Road (damp ground), July 
3, '73, in flower. 

Andropogon fureaiuty Muhl. Turtle Mountain (open prairie), August 11, '73, in 
flower. Lake of the Woods (dty rocky soll), July 20, '73, in flower South 
Antler Creek, August 1, ' 3, in flower. 

Anäropogon eeopariut^ Michx. Souris River (dry bank), August 24, '74, seed shed. 

Ai>ena ttriala^ Michx. Winnipeg und N. W. Angle Road (dry sandy soll), July 4, 
'73, seed furmed 

Beekmannia erueiformii. Hart. West Fork Milk River, July 18, '74, past flowering, 

BouteUma oligottachya^ Torr. Turtle Mountain and westward to St Mary's River. 
Common everywherc on the dry plains, forming a close, short sod where 
^ other grasses hardly grow. 

Bromus eiliaiui, L. Lake of the Woods South Branch Belly River (flat), August 
13, '74, seed formed. 

Catabrota aqualiea^ Beaur. Near Woody Mountain, July 7, '74, in flower. 

Dauthonia tpieata^ Beaur. Lake of the Woods (dry rocky soll), July 25, seed per- 
fected. 

Elymue Canadenei». L. Wood End (clay bank), July 13, '73, in flower. Turtle 
Mountain (thicket), July 25, '73, in flower. 

Elymue CanadeneiM^ var. ylaucifoliue. Lake of the Woods (sandy shore), July 7, '73, 
in flower. 

Etymua Virginiew, L Roseau River, (river banks). 

Ericoma cutpidaia, Nutt. White Mud River, (dry bank), July 4, '74, seed perfected. 
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Fettuca ovina, L. Red River, (opcn prairie). 

FcMiuea borealiaf Mert. Lake of the Woods, (in water), July 20, *73, Beed pcrfected. 

Glyceria nervata f Trin. Winnipeg and N.W. Angle Road, July 4, '73, pa«t flower- 
ing. Dnfferin, (open prairie) 

Hierochloa boreali», Roem k Schnltes. Red River, (open prairie , Foot Pembina 
Mountain, May 22, '74, in fiower. Dufferin, (open prairie), June 3, *73, in 
flower. 

Hordexim Jubatum^ L Red River Prairie generally. 

Koeleria crUtata^ Fers. Dufferin, June 25, '73, in flower. Traders' Road, June 19, 
'74, in flower. 

Lepturui panicuiatutj Nutt. Near Wood Mountain, i l>arren prairie). 

Panicum paueiflorwiiy Ell. Red River, (swampy prairie), June 21, '79, in flower. 

PkaUri» arundifiacea^ L. Rtd River, (open prairie), June 19, '73, immature. Lake 
of the Woods, (shore), July 9, '73, seed mature. 

Phragmite« communii^ Trin. Roseau grass. Lake of the Woods, Roseau Lake, 
kc. Very common. Borders of pools, Red River prairie. Also on the 
Souris River. 

Phleum alptnum^ L. Rocky Mountains (6,000 feet), Aug. 18, '74, in flower. 

Poa praUruiSf L. Dufferin (open prairie), June 10, '73, immature. 

Poa alpina^ L. Rocky Mountains (6,000 feet). 

Poa ecuiüy Smith. Var. ttrictior. Red River. Near Woody Mountain (open 
prairie). 

Poa ftetuosa^ Muhl ? Red River (open prairie), June 20, '73, in flower. 

Spartina graeilii^ Roth. Neai Wood Mountain (bank of stream), June 30, '74, 
in flower. 

Spartina eynoiuroide»^ Willd. East Souris (low ground), 2 to 4 feet, July 30, '73, 
in flower. Winnipeg and N. W. Angle Road, July 3, '73. 

Stipa tpartinoj Trin. Pembina Mountain (open prairie), June 30, '73, seed per- 
fected. Garry and N. W. Angle Road (prairie i, July 3, '73, seed perfected. 

Stipa viridula^ Trin. White Mud River (bottom landi, July 3, '74, seed perfected. 
Wood End, July 30, '74 seed perfected. 

Trüieum repens^ L. Var. Lake of the Woods (sandy shore). 

Triticum ttrigosum^ Stend. Wood End (l>ank), July 30, '74, in flower. Near 
Wood Mountain (clayey Valley ), June 27, '74, in flower. 

Zrixania aquatica^ L. Lake of the Woods (in water), August 18, '73, in flower. 

Tritetumf Red River. (Open prairie.) 

Fettueaf Red River. (Open prairie.) 

E. Fork Milk River. ( Valley of er eek.) 

Rocky Mountains. 6,000 feet. 

Nr. Wood Mountain. (Edge of saline pool.) 



Masses, Licheiis, (i-c, detemiined hy George Bamston, Esq, 

IfUSCI. 
Funaria hygrometrica^ Hedw. Dufferin. 

Bryum cemuum, Hedw. Rising ground east of Red River prairie 
Bryum cemuum^ Hedw ? Lake of the Woods, 
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Dicranum undulatum^ Turner. Lake of the Woods. 

Polytrichum commune^ L. Lake of the Woods. 

Polytrichum pUfferum, Schrebcr. Winnipeg and N. W. Angle Boad. Lake of the 
Woods. 

Ceratodon purpureutj Brid. Lake of the Woods. 

Neekerapennatay "Hedw. Lake of the Woods. 

Pylasma itUrieata, Br. Eur. Lake of the Woods. 

Climacium Americanum^ Brid. Lake of the Woods. 

Mnium spinulotum^ Br. Eur. (broad leaved variety). Lake of the Woods. 

Mnium roatratum SchwsBg ? Lake of the Woods. 

Mnium aßne^ Bland. Lake of the Woods. 

Hypnum terpena L ? (a variety with short capsules). Lake of the Woods. 

HIPATICJH. 

Marehantia polymorpha^ L. Winnipeg and N. W. Angle Road. 

LIOHXNKa. 

Umhilicaria Dälenii. Lake of the Woods. 
Madotheca platyphylla. Lake of the Woods. 
PeUigera aphthosa^ Hoffm. Lake of the Woods. 
Platysma f Lake of the Woods. 
Cladoeera eristatella^ Tuck. Lake of the Woods. 
Cladocera gracdit^ Fr. Lake of the Woods. 
Cladoeera furcata^ Hoffm ? Lake of the Woods. 
Cladocera ranyi/erina, Hoffm ? Lake of the Woods. 
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Fossils from seuond bmnch Milk River 131 
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heusibio 824 

Hector, Dr., referred to 20 
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taeeous No, 4 146 

Hind, Prof., localities In whlch he found Cre- 
taeeous No. 6 148 

Hind, Prof., hls Cretaeeous section compared 

with others 161 

Hind, Prof., on terraces at Dog Port^re 266 

Hind, Prof., on change of course in nvers.. 268 
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Hmigry Hall, poeition of 28 

Huronion rocks, aitored area of 80 

HuruniAU rock», isolated area of 84 

Huronian rocks, from N. W. Angle to 

Ka-ka-ke-wabec 86 

Hmrouian rocks, from the Ka-ka-ke-wabec to 
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Lake of the Wood', Upper Silurlan Ume- 

stoneon 806 

Lake of the Woods, former southem out- 

let of 817 

Lske of the Woods, timber of oountry sur- 
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lUCUOBCOPlO STBÜCTDBB OF WOODS — LIONITI T 

(o). Tangential Sactions. {b), Radial Sections. 
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PLATB XVII. 




X fU60 

Figure 1.— VariouB forma of Coccoliths (a) and Rbabdo- 
liths {b) from the Cretaceous of Boyne River, Man., (§ 182.) 








X 100 

Figure 2. — Faraminifera from the Cretaceous of Boyne Biver, Man. (g IfO ) 
a. Textularia globulosa, Ehr. 6. Teztularia ]ygn:aa, D'Oib. c. Flanorbiilina 
ariminenais D'Orb. 
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